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OVERVIEW 
 
Perhaps it is not easily appreciated, but right now the automotive and energetic sectors 
are experiencing a complete transformation. In fact, this change started many years ago 
with the arrival of the efficient vehicles, coming after the hybrid ones, and is happening 
now with the arrival of the electric vehicles.  
It is probably a matter of social awareness, with the aim of finding a sustainable model 
that allows the development, but also being viable for us and for the environment. The 
pollution and the end of reserves of fossil fuels are matters of today, and a solution 
should be found with enough margin to be implemented, in order to keep moving 
forward.  
This project will be focused on the present available options to recharge an electric 
vehicle, studying today's situation of the automotive market and the technologies that 
can be applied into this field. It will also be studied how have the EVs developed in the 
past years, and how are they expected  to improve in the future.  
It will be also carried out an analysis to find the best solutions to install a photovoltaic 
installation at home, connected to a storage system with the goal of producing all the 
electricity needed. The PV and the storage equipment will be compared, and then 
applied into a domestic installation model to estimate how feasible is to become self-
sufficient in terms of energy.   
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GLOSSARY 
 
AC - Alternating current 
Anfac - Spanish association of cars and trucks' manufacturers (Asociación 
Española de Fabricantes de Automóviles y Camiones)  
DC - Direct current 
EV - Electric vehicle 
HEV- Hybrid electric vehicle 
ICE - Internal combustion engine 
kWh - kilowatt-hour 
PV - Photo-Voltaic  
REE - Spanish Electric Grid (Red Eléctrica Española) 
ZEV - Zero-emission vehicle 
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1. Introduction 
The development of the EVs has a vital importance on the society´s near future. Today's 
energetic models are based on the petroleum and many other fossil fuels that have a 
short life expectancy, and so does the transport model. The introduction of the 
electricity as the source to power the new vehicles, will change the automotive sector as 
well as the energetic sector, due to the huge amount of vehicles that are now using fuel, 
and would like to change to electric powered ones. This increase of energy can have 
several effects depending on its origin, and it is important to make sure of where does it 
comes from. 
It is beyond question, that at least the hybrid vehicles are accepted by the society, and 
the explanation of it can be the increasing social awareness for the environment, the 
pollution or the noise, which has produced favorable regulations that altogether with the 
policy incentives have made this vehicles commercially viable.  
 
 1.1 Goals of the project 
  1.1.1 Main goal  
The main goal of this project is to give an overview of the present situation of the 
electric vehicles, focusing on the recharging aspects. Types, characteristics, equipment 
and the application to the domestic field. There will also be a comparison between the 
recharging devices in order to simulate a realistic case of domestic recharge with a PV 
installation.  
  1.1.2 Other goals 
1. To summarize the present, past and future trends of the EV, with their pros and cons. 
2. To study the nowadays' energetic situation, where does the energy come from and 
what part of it comes from renewable sources. 
3. How have the renewable energies developed, and which are their advantages and 
disadvantages.  
4. What impact to the EVs have on the grid, and the feasibility of their integration. 
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2. Project presentation 
 2.1 What is an EV 
The acronym of EV is used for the Electric Cars, that are vehicles exclusively propelled 
by the force of one or more motors powered by the electricity stored in rechargeable 
batteries that can be charged, plugging them into an electrical source. These motors are 
located in the front, back or in each wheel of the vehicle and transform  the electricity 
into mechanical energy using electromagnetic iterations. Unlike the hybrid vehicles, that 
are powered by fuel engines, and then use an electric motor to be more efficient, the 
EVs exclusively use the electric power. There are many types of electrical motors, with 
different sizes, power, weight… 
 
  2.1.1 Types 
There are mainly two types of electric motors, DC or AC ones. The first one works with 
direct current being invented by Thomas Edison, while the second one uses the 
alternating current, invented by Nikola Tesla. It has always been a history of rivalry 
between them, and the main difference is the voltage, being from 92 to 192 V for the 
DC motor and from 240 to 300 V for the AC one. 
• DC motors (Direct Current) and especially the Brushless motor have been 
traditionally the most used for automotive applications due to the ease to control 
their position and speed. This motor includes two or more permanent magnets 
that generate a magnetic DC field. It is characterized by having a low 
acceleration but a high top speed instead. But the main disadvantages are their 
expensive maintenance, the cheaper prices of the AC motors and their higher 
magnetic looses as their performance is increased.  
• AC motors (Alternating Current) can be divided in two main categories, 
synchronous and asynchronous motors. In the asynchronous motors we can find 
the induction motor, which is starting to be used nowadays for the modern EVs 
design. It is characterized by not having permanent magnets, generating much 
more heat during long duty periods but also a high efficiency while high 
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performance processes and lower prices due to the new electronics 
and the magnets high price
 
  2.1.2  Pros and cons
Are the electric motors better than the gasoline ones then? It's true that the EVs are 
nowadays increasing in sales and its importance in the automotive industry, due to the 
high efficiency and low cost of maintenance and use, but the EV sector has still a long 
way to walk to conquer the automotive sector.
Observing the graph below, we can see that EVs sales in the US have been 
exponentially increasing for the past years, but they are still far 
conventional cars' sales. 
But not all are good news for the EVs, because as any other relatively recent innovation, 
it takes time to be accepted in 
vehicle. So now it is going to 
and disadvantages of the electric cars.
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Fig. 1: EVs sales in the US 
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Advantages 
o Zero CO2 emissions: the EV doesn't need any fossil fuel to work, just 
transforms the electricity stored in his batteries into mechanical energy. For this 
reason, the EVs are more careful with the environment than the conventional 
cars. 
o Minimal noise: Given that the electric motors do not need any combustion or 
explosion, these type of vehicles help reduce the noise contamination in the very 
populated areas. 
o Simplicity: The actual ICE cars' motors are composed by more than 2000 
moving parts, having to compete with the EVs that have less than 20. Which 
means that the electric motors work with less than a 1% of these components. 
o Minimal volume: the electric motors, as we could see in the previous point, are 
composed by very fewer pieces, therefore the gain of space inside the EVs is an 
important characteristic that must be taken into account.  
o Price: In most parts of the world, the price of the electricity is minimum 
compared to the fuel's one. Moreover,  the failure probability of 20 parts is 
extremely low compared to the same probability with more than 2000 parts.  
o Efficiency: Pouring 10 gallons (37,85L) into our tank would be the equivalent 
pumping 330 kwatt/hour into our batteries. The efficiency of the conventional 
car stands around 17-21%,  so more or less 80% of the energy stored in the tank 
is lost in terms of heat and smoke. The EVs efficiency goes from  90 to 95%, so 
they are between 4 to 5 times more efficient than the ICE vehicles. 
o Auto recharging:  This kind of motors can recharge themselves while braking 
or driving down a slope. 
o Price/Performance:  The electric motors are said not to be competitive in terms 
of power and acceleration, but the reality is that taking as an example the Tesla 
P90D, it accelerates faster than lots of super cars priced in 1 million $, from 
Ferrari, Porsche and other top brands.  
o Home recharging:  Nowadays cars are parked most of the time, so the recharge 
would not be a problem if we could plug it easily. This way we would be able to 
forget about oil stations, and finding one of these areas to refill our 
batteries/tank.  
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Disadvantages 
o Limited range:  Nowadays' batteries that are being used in the EVs cannot store 
big quantities of electricity, around 200-300 km, that compared to the 
conventional car, around 700-900 km, it's probably the weak point of the EVs. 
Although some cars like Tesla or Opel have recently launched 600km-autonomy 
cars, the EV sector has still much to improve in this area. 
o Basic class high price: As we explained before, the high class EV's are starting 
to compete with the traditional cars in price and performance. But the prices are 
comprised between 30.000 - 40.000€, which makes the basic EV class a non so 
basic priced vehicle.  
o Long time recharge:  In a common charging source for EVs, we can drive 30 to 
40 km with one hour of charge. Most recent quick chargers have a much higher 
performance but they are still far away from the speed of an oil station, that can 
refill your tank in 5 minutes, giving you an autonomy of around 700km. 
o Lack of infrastructure: Finding an oil station in the middle of the highway 
can be easy, but finding an EV charging point won't be for sure that easy if 
you are outside a big city. The most worrying point is that if EVs sales keep 
growing exponentially, in the near future we will have a big lack of charging 
points, unless the governments start improving EV's infrastructure.  
o Batteries:  The price of the batteries and the lack of durability is still one of the 
biggest problems of this sector. The prices of these components can easily rise 
up to 5.000€, and do not guarantee having a long life (5-6 years). Furthermore, 
the capacity of today's batteries does not help the EVs competing with the 
traditional cars, restricting the kind of travels that you can do, depending on the 
distance between the points of charge. 
o Lack of trust: As a young technology it is difficult for people to invest money 
in a vehicle that no one knows much about it. Due to the lack of information and 
the lack of incentives that would motivate people to start believing more in this 
technology, the progress of the EVs won't be as fast as it should. 
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 2.2 History and evolution of the EV's 
It is commonly though that EVs is a new innovation that has been developed only for 
the last decade. But this thought is far away from the truth. This history must start in the 
1800, when Alessandro Volta attempted successfully to store electric energy. Next step 
of this history must be in 1821 when Michael Faraday discovered that he could produce 
a rotation in a wire, while applying an electric current with a Volta pile and a mercurial 
recipient. Faraday didn’t stop there and in 1831 demonstrated the relation between the 
magnetism and the electric current, discovering the electromagnetic induction, 
technology which is being used in today's EVs. In the next years the electric motor was 
presented, and with a Volta pile, the possibility of rotating a wheel started to seem 
possible. 
By the end of XIX century the electric vehicles started to appear, as trucks or trains, but 
it wasn’t until 1881 that the first vehicle appeared. G. Trouvé made the first electric 
vehicle, it was a tricycle powered by two electric motors and could reach the speed of 7 
mph (11.3 km/h). But the electric vehicles had soon a great competitor, when Carl Benz 
invented the first vehicle powered by an internal combustion engine, that included an 
electric system to power the electric lightning. In 1895 the interest for the ICE vehicles 
started to increase and the competitions began, to show which type of vehicle could 
reach a higher speed and reliability. 
 By that time, the EVs had a reasonable price for the high and medium class, and their 
autonomy was enough for their needs. The gas-powered vehicles didn’t compete with 
the EVs because of the high pollution and the difficulty to find fuel for them. The EVs 
limitations were not as strong as in the beginning and the interest for the electric 
vehicles increased strongly when in 1899 the racing car 'Jamais Content' set a new 
world record, the first EV to beat the barrier of 100 km/h. Those were the golden years 
of the alternative source powered vehicles, but that wasn’t going to last. 
 Years later Ferdinand Porsche invented the 4 electric motor vehicle, each one in one 
wheel, but at that time, the market was already even between the EV and the ICE 
vehicles, and the last one didn’t have much more development, but it is nowadays the 
most used motor structure in the sector. A fact that shows the appearance of the ICE in 
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the market in 1900, is the number of cars manufactured of every type at that year: 1684 
were steam-powered, 1575 had electric motors and 963 oil powered vehicles.  
The years passed, and the lack of technology, the high price of the batteries and the 
invention of the starter engine in 1912 by Henry Ford, ended with the EVs being 
forgotten for nearly 60 years. This disappearance was also due to the pressure done by 
the petrol lobby's, that still nowadays fights with the alternative sources vehicles in 
order not to lose the importance that all these years they have had. The price of the 
gasoline cars by those years, was far lower than the rest, and the difference increased 
during the Great War, like many other innovations that start with a military aim, but are 
later implemented in the society. 
 
 
Fig. 2: History of the electric car 
Source: Nate's Green Garage 
 
From 1920 to 1970 the electric cars suffered their dark age, most of the manufacturers 
of the sector abandoned or switched into the gasoline engines, industry that was in the 
top of the market. In the mid 70s small electric cars appeared again, but this time being 
used for short trips, such as small city cars or golf ones. But it wasn’t until the petrol 
crisis, when the automotive sector started to investigate for new energy forms that could 
be used in their cars. The EVs didn’t appear then, but the hybrid vehicles did, especially 
in 1998 when Toyota launched the first generation of the Toyota Prius, which was the 
first mass produced car powered by an alternative source. The interest for this kind of 
vehicles has also been continuously increasing due to the environmental problems that 
have always accompanied the combustion engine vehicles. 
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 2.3 Nowadays situation of the EV's 
In recent years, most of the important automotive brands have started with big 
inversions in the area of the alternative sourced vehicles. Few of them are still believing 
that the ICE cars will still be the future of the market, and keep on going without 
investigating new ways to power the future vehicles. But the truth is, that this change 
was expected to happen much more faster than what it is actually happening.  
What it is clear is that this revolution has already started, and the question is how long 
will it take until the HEVs and the EVs conquer the automotive market. It will probably 
take a few more years until we can clearly appreciate the introduction of the electric 
vehicles in our cities, but seeing an hybrid one has become a common thing in the big 
cities' life.  
In 2016 there were more than 200.000 electric vehicles sold in Europe, being the second 
largest market of this kind in the world, after China and above USA. But although all 
the sales and incentives, the number of this type of vehicles does not increase in a 
significant way, as they were expected. A fact that shows the today's situation in our 
continent, is that the 83% of the EVs that drive in our roads are concentrated in only 5 
countries. These are Norway, Holland, France, Germany and United Kingdom, having 
Norway the 23% of the total European EVs [1]. 
In Spain, the EV manufacturing sector is in the top of the European market, but only 
0.2% of those are sold inside our borders. The nowadays world is prepared for the 
change, but it is needed a small push in order to allow the EVs take up the conventional 
cars. This push is based on 4 points: 
1. To set a limit on the CO2 car's emissions, as the EU regulation that is expected 
to be implemented in the 2025. 
2. To expand the actual recharging points' infrastructure. 
3. To ban the old diesel vehicles. 
4. To reduce the fiscal taxes over the EVs. 
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  2.3.1 Batteries  
¿Why aren’t we all in electric cars yet? There are two main reasons. First of all, the 
price is considerably much higher than a conventional one. Second, the low autonomy 
of this type of vehicles. Both problems are due to only one component of the EV: The 
batteries. This heavy, expensive and short-life component is probably the most essential 
part in a EV or HEV, given that it is the source of the whole car's power and has caused 
many headaches in the EV sector engineers, being a continuous problem since the 
beginning of the electrical era. How to store the large amount energy we need is 
probably the point where most of the automotive manufacturers are focusing in, and in 
the last years many types of them have been invented, but the problems haven’t been 
solved yet. 
Since the invention of the first battery in 1800 by Alessandro Volta, many materials and 
many types have been used, but the two more common ones in the automotive sector 
have been the acid-lead battery, invented in 1859 by Gaston Planté being the first 
rechargeable one, and the Ni-Cad ones invented by Waldemar Jungner in 1900. The 
first one, is the most commonly used in the conventional cars due to its slow recharge, 
while the second one has been the most used one, but this is not going to last because of 
the ban of the toxic materials for batteries use. Nowadays, the lithium batteries have 
experienced a huge development and are already the most used in the EV sector. 
 
Fig. 3: Lithium demand by end applications (2013 - 2025)  
Source: Deutsche Bank 
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The price of the batteries, 
suffered a great fall due to the increasing 
2015, the kWh's price has fallen from 
in 10 years the price of the batteries has decreased around 60% and it is expected to 
keep on going with this descent tendency.
This fact is due to the arrival of new technologies and to the 'seco
batteries that have improved their performance, being able to work longer periods with 
high voltages and intensities. Nowadays the cost is around 
of 4-5 years to recover the purchase, taking into account the savings of not using fossil 
fuels. One example of those second generation batteries
capacitors, which have the advantage of a complete char
battery is still in a prototype phase, but it would end with the everlasting periods of 
charge, one of the biggest problems of the EVs.
The Ion-Lithium batteries that are being used nowadays by the EVs manufacturers will 
develop only up to 300 WH/kg, and then the new generation of batteries will appear in 
the market. The Lithium-Sulfur and Lithium
 
Fig. 4: Battery price projections  
Source: Rocky Mountains Institute 
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Ion-Lithium batteries, providing the future vehicles around 1.000 Wh/kg of real 
energetic density, enough to compete with the fossil fuels. The Lithium-air battery is not 
a new technology, as it has been used for small applications, for example the phones, 
for a long time but it is starting to gain more importance in bigger purposes. The bad 
news are, that the change to the new generation of batteries are not expected until the 
2020, and won't reach the 1.000 Wh/kg until 2030 [3].  
Although there is not a single week that a university or investigation team doesn’t 
announce a new revolutionary discovery related to batteries, as the ones that have just 
been explained, all the innovations achieved until now have not given enough power to 
the electric vehicle to substitute the conventional car. But enormous efforts are being 
done to accomplish this, so it is a matter of time that the appropriate battery sees the 
light.   
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3. Charging points 
There are two main technologies to recharge our cars, conductive and inductive. 
• Conductive: It’s the easiest way to recharge the battery of our vehicle, and 
consists in plugging our vehicle to the electrical grid, using connectors that 
allow a transfer of a high electrical output.   
• Inductive: The charge of the battery is done using and electromagnetic field. It is 
a young technology that still needs a big development, but its big advantage 
consists in the lack of risk of being electrocuted. 
As every equipment in this sector, there are many kinds of every single component, and 
the chargers are not different. Every manufacturer designs its own car with its own 
charger, fact that complicates even more the charging situation in the world, and the 
ones suffering are always the consumers. There are not many charging stations in the 
countries, and to that disadvantage it must be added that not all those stations have all 
the kinds of chargers. The EV companies have started to realize how bad this problem 
is, and have began to negotiate a common plug type that can satisfy all the companies. 
There are many different types of these chargers, but in the next paragraph the most 
important ones are going to be explained. 
• Schuko: It is the most common plug in Europe, the one that every building has 
installed. It can be used to charge electric bikes or motorbikes and even small 
electric vehicles as the Twizy one. 
 
• Type 1 (SAE J1772): This type is the standard connector in Japan, that has been 
adapted in America and also in the EU. It consists in a single-phase connection 
with a maximum electrical output of 7.7 kW (30A 230V). It is used in many EV 
models such as the Toyota Prius or the Nissan Leaf. 
 
• Type 2 (IEC 62196-2): It is commonly known as Mennekes, that was the first 
manufacturer of this type of connectors. Due to a negotiation between the bigger 
automotive brands, it is nowadays the authorized standard connector in the EU. 
It works at a maximum electrical intensity of 16A in single-phase sources and up 
to 63A in the triphase ones (quick charge), which means that the electrical 
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output goes from 3.7 kW to 44 kW. It is commonly used in the high class 
vehicles such as the BMW i3 and the Porsche Panamera. 
 
• CCS (Combined Charging System): This connector is commonly used in 
Europe to charge in DC. It can also charge in AC allowing a quick charge up to 
43 kW of maximum output in AC and up to 100 kW in DC (nowadays limited to 
50 kW). Brands like Audi, BMW, Porsche and VW are already implementing 
this connector. 
 
• CHAdeMO: It is the most used connector between the Japanese manufacturers, 
developed by Toyota, Subaru, Mitsubishi, Nissan and TEPCO. It is a quick 
charger that works in DC and has a maximum output of 50 kW with an intensity 
up to 125A. It is designed to decrease the charge intensity as the battery gets 
charged, reducing to 14A when the charge is around 90% complete. It is used in 
many cars such as the Nissan Leaf or the Mitsubishi Outlander. 
These are not the unique chargers that we can find, but there are the most important. 
There are also other brands like Tesla, that have implemented their own 
superchargers in their cars, that are only compatible with the Tesla's charging 
stations, but they are also selling their cars with an adaptor to the CHAdeMO in the 
US and to the Mennekes in Europe. 
It is also important to know what kind of recharging points exist nowadays, because 
depending on the electrical output of the source, the charging time will change. 
There are 4 types of charging points. 
• Conventional slow recharge (Level 1): It means connecting our car to the 
normal source we use at home, getting the same intensity and voltage (16A 
230V) giving an output around 3.7 kW. This way, it takes 8 hours to get a 
full charge of the battery so it is a good solution to recharge the vehicle in a 
garage, and the optimal from the efficient point of view, would be at night 
when less demand exists.  
 
• Quick recharge (Level 2): This type of charge requires 4 hours to finish 
using 32A and 230V, so the electrical output needed in this kind of charging 
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points is around 7.3 kW. This charging method is also suitable for private 
garages and plugging the car during the night. 
 
• Fast charge (Level 3): This kind of charge it is only found on the charging 
stations, and they are capable of charging up to 80% of the battery in only 30 
minutes. It is needed a high electrical output around 50 kW, the equivalent of 
a building with 15 apartments, it is expensive to install so it is not a 
residential solution. 
 
• Supercharger (Level 4): Nowadays only Tesla has a supercharger network, 
and it is exclusively for their customers. They have a power output of 120 
kW which provides this company, a great competitive advantage  in the EV's 
market. 
Another important characteristic of the charging point is the way the vehicle is 
charged, taking into account the level of communication between the car and the 
electric source, that has an impact on the control of the charging process. There are 
4 modes of recharge. 
• Mode 1: Connection type Schuko, with no communication between the car 
and the source, typical of home recharging. 
• Mode 2: Connection type Schuko, with a control point that verifies the 
correct connection of the car to the grid, typical of recharging points. 
• Mode 3: Connection type Mennekes, with control and protection point 
inside of the charging point. 
• Mode 4: Recharging infrastructure with converter AC/DC, only works with 
fast recharge.  
 
It is also important to know the types of recharging points where all the connectors, 
types and modes are used in. There are two kinds, the ones that recharge the 
batteries in some minutes or hours, and the ones that directly replace your battery 
for a charged one. The first one is the most common that it is used nowadays, 
having the advantage of being simple stations that only need a connector, and the 
disadvantage of needing high output power so the charge doesn’t take too long. The 
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second type of stations have the advantage of being really quick, with no need of 
waiting for long charging periods, but have the disadvantage of needing a big stock 
of batteries, so they do not need high output charging sources. These stations have 
also another inconvenient, because of the big variety of connectors, it is possible 
that they do not have the appropriate charger for every battery. 
 
 3.1 Nowadays situation of the charging points 
The energetic density in the lithium batteries nowadays, stays around the 0.16 kWh/kg 
in front of the 13 kWh/kg of the fuel. Knowing this, it is easy to think that the EVs are 
too far away from the conventional cars, but this first impression is wrong in part, due 
to the high efficiency of this type of cars (4-5 times higher than the conventional ones). 
Furthermore, we live in an age where the electric and energetic world is developing at a 
high speed, which gives hopes that the electrics will soon conquer the automotive 
sector.  
The situation in Europe seems to start changing after the big automotive European 
companies signed an agreement to build a fast recharging net in the most important 
European high ways. The plan is to build 400 stations with an electrical output of 350 
kW and with a combined charge system, so the customers can benefit from a 
infrastructure of around 1.000 recharge points in the 2020[4]. The agreement has been 
signed by BMW, Daimler AG, Ford and VW group at the same time that Tesla keeps 
implementing his own charging points around the world. 
Apart from this initiative of the most important EV manufacturers, there are also 
governmental attempts to back up the change to the new generation of vehicles. For 
example a European Union draft, expected to come into effect by 2019, informs that for 
every new house or building it will be compulsory to have installed a charging point. 
Many countries are also studying ways to reduce the CO2 emissions by banning the 
diesel cars, as it is doing Norway who wants to implement that restriction by 2025. 
In Spain, the situation is different. The number of gas stations rose to 10.947 at the end 
of 2015 [0], but the number of recharging points does not surpass 2.000, and nearly half 
of them are in restaurants or hotels, so their use is limited to their clients. Moreover, 
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most of these points are in the cities, so it is difficult for drivers who need to travel long 
distances with an EV. This problem would be solved if in every gas station a charging 
area would be installed, and this doesn’t mean making a huge inversion, because every 
single station is connected to the electric grid, so it would only be needed a parking area 
with a level 2 plug, which doesn’t need any special infrastructure and would provide a 
good solution for the EV's drivers.  
Taking a look to the Spanish gas stations' map, it is easy to imagine how easy would it 
be to travel around the country if every station had a EV plugging place. 
 
Fig. 6: Distribution of the oil stations in Spain 
Source: Bloomberg 
 
The Spanish daily driving average is around 35km, so in most cases home charging is 
enough to satisfy the demand. For those who need to travel longer distances, the EV is 
not the best option until the batteries or the charging points are sufficiently developed. 
An example of the development that is needed, is the brand new recharging station in La 
Granja (Segovia), the biggest totally eco-friendly station in the world, composed by 90 
solar panels that allow the simultaneous charge of 20 vehicles at an electrical output of 
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30 kWh, which provides a 80% charge of our batteries in just 20min[5]. The goal of this 
enterprise is to have around 200 stations in the next two years, being one of the most 
important enterprises in the sector. 
 
 3.2 Ways to charge our cars 
As it has been explained in the previous points, there are mainly two ways to charge our 
cars. The first one, and the one that has been more explained before, is the one that can 
be done in public recharging stations, with a level from 1 to 4, depending on the speed 
of the charge. The second one, and the most used, is the home recharging, that is the 
perfect option for installing in the private garages. It is normally implemented with a 
level 1 of recharge, using the same connection of the house, but it can be equipped with 
devices that allow the customer to charge in different ways and speeds. 
In the first case, charging in a normal plug at home, the electrical output is limited to 
2.3kW so it will take around 8-12 hours to charge the battery of our car. But it is 
possible to install devices that allow to charge with higher outputs, around 7 - 10 kW, 
like the Tesla's Powerwall. This kind of devices store the energy in the period of the day 
with  less demand, so the customer can use that energy in the peaks of demand, when 
the electricity is more expensive. Not all the devices allow you to store the energy, some 
of them are just useful to charge our car, connecting the car to the grid in the cheaper 
hours of the day, normally between 01.00am and 07.00am. Others, like the Powerwall, 
are able to store energy during the day with renewable energies like wind or solar, to 
use it at night or in the most expensive hours of the day.  
These devices are the perfect solution for charging our vehicles at night without needing 
a change in your electric contract. The Spanish cars are parked 97% of the time [7], so 
fast charging is not normally necessary for daily trips, there is enough time to charge it 
at home, at work or in any other places where our car is parked. 
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  3.2.1 Charging with conventional energy sources 
The electric vehicles are expected to be the solution to many environmental problems, 
due to their zero emission performance. But the main difference between the 
conventional  cars and the electric ones, is the replacement of the fossil fuels for 
electricity. The first impression, is that powering a motor with electricity is much 
cleaner than one that is burning fuel pouring CO2 continuously into the atmosphere. But 
the question that must be solved is, where does all that electricity comes from? Because 
if the conventional sources as the coal, petrol or gas are the ones used, the 
contamination wouldn’t decrease. In fact, this change would have also some advantages, 
as focusing all the contamination in some areas, being able to treat them more easily 
rather than having millions of contaminating cars around the country. But the biggest 
disadvantage is that this change wouldn’t stop the CO2 emissions, the impact on the 
environment and over our health would be 80% higher [8].  
 
 
Fig. 7: Pollution by the recharge of the EV, depending on the energy source 
Source: PNAS 
Using fossil fuels would be a short term solution, while the renewable energies are not 
capable enough of satisfying the complete demand, and according to the same survey 
mentioned before, the best fossil option would be the natural gas, as we can see in the 
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graph below, studying how is the nowadays environmental impact of the conventional 
cars and how it would be with the change to the EVs driving, taking into account the 
different possibilities of producing the electricity needed from coal to natural gas, 
through the renewable sources. 
It is easily seen how would the use of some fuels d
case of the coal to produce the electricity or the corn grain ethanol to power the 
vehicles. It can also be seen that the best option after the renewable energies is the 
natural gas combustion to obtain the required
Nowadays energetic worldwide model is
producing more than 50% of the electric energy. In the most developed countries, this 
rate stands a little bit lower, giving more importance to the renewable energies,
some countries like Spain,
including the wind, solar, hydroelectric and other renewable sources
graph below. The nuclear and the coal electric production are still the most use
eco-friendly sources. 
Fig. 
 
 
eteriorate the environment, as it is the 
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 dominated by non renewable energies, 
 where it can be found a generating capacity of 47.2% 
, according to the 
8: Spain's energy generating capacity, 2016 
Source: REE 
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Fig. 9: Rise Renewable energies production (% of the demand) 
Source: Bloomberg 
 
This distribution of the electrical production, in the Spanish case, would imply using all 
the available sources, including all the non renewable ones, to satisfy the increment of 
the demand due to the rise of the number of electric vehicles in our society. The use of 
those energies would be linked to a higher pollution as it has been explained before. 
 
  3.2.2 Charging with renewable energy sources 
The renewable energies sources are those which are inexhaustible, meaning that once 
they are used, they regenerate themselves so they can be used again. The main 
advantages of this type of sources are the infinite use, and the zero pollution emission. 
In the other hand, the disadvantages are the high initial inversion needed, the 
dependency of the climate conditions and the big quantity of surface needed to develop 
them. 
In the recent past years, those clean sources have gained a lot of importance in the 
energetic models of many countries, arriving to produce almost half of the electricity 
needed in some of them. They are expected to gain more and more importance in the 
near future, and their development is probably one of the factors that will stimulate the 
rise of the EVs. 
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   3.2.2.1 Types of renewable energies 
The great majority of the renewable energies implies the sun, directly or indirectly. The 
solar energy can be directly captured to illuminate or to heat the buildings, or 
transformed into electricity using solar panels. The change of the temperatures, 
generates wind currents, which can also be transformed into electricity using turbines 
connected to a generator. The heat of the sun evaporates the water, moved with the 
wind's current, turns into rain and snow that will descend as water through the rivers 
and that movement can be used to generate electricity as well, going through hydraulic 
turbines. 
But not all the renewable sources come from the sun. The biomass is the use of dried 
organic material, commonly used as combustible. There is also the possibility to take 
profit from the heat that comes from the Earth's to heat buildings, this one is called 
geothermal energy. Another way is using the movement of the waves, caused by the 
gravitational force of the moon, to transform it into electricity as well.  
But despite all these types, nowadays the most used are three, the wind, the 
hydroelectric and the solar. And those three are the ones which should be developed in 
order to provide enough energy for the EVs charge. In fact, the most sustainable way of  
charging all the future vehicles, is to equip the homes with devices connected to 
renewable energy sources, with the aim of storing the energy during the whole day to 
charge the EV's batteries when it is needed without cost.  
The aim of this initiative is to equalize the curve of electricity demand, when there are 
less needs of electric power, the excess of production can be useful to charge the 
vehicles. There are two ways of achieving this purpose, the first one is using the wind 
and the hydroelectric power that at night still supply electricity, and it is more efficient 
to use it than to store it. And the second one, which is starting to be popular, is to install 
solar panels and batteries in the roofs of our buildings, in order to store as much energy 
as it is possible to transfer that electricity later to our vehicles. 
This can be done with the help of some devices that have just appeared in the market 
and control the charge of the batteries attached to the panels, and when it is not enough 
with the stored power, they automatically switch and charge from the electrical grid at 
the hours when the electricity's price is lower. These devices are called wall-boxes 
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referring to the system of charge connected to the grid in a single-phase or triphase way. 
This gadget is composed by several components: 
o Protection: These components assures all the electric connection, between the 
grid and the vehicle, avoiding electric discharges on the user and high tension 
peaks in the car. 
o Measurement: The function of these component, is to inform the system and 
the user, of the level of charge and the kWh used in the charge. 
o Programming: With this tool the user can easily define the charging periods, so 
the vehicle is charged in the lower price hours of the day. 
o Connection: As it has been explained in previous points, not all the cars have 
the same connectors installed, and neither do the wall-boxes, so it is important to 
choose the correct one in order to obtain a good performance and security. 
 
    3.2.2.2 Solar energy 
The solar energy and the electric vehicles make a great pair in order to move into a 
more sustainable energetic model in two ways, with less CO2 emissions but also with 
great savings on the electric bill. As it has been said, nearly all the renewable energies 
come from the sun, and the one with higher potential is the one that takes profit directly 
from it through a solar panel.   
There are two main types of solar energy, the thermal and the photovoltaic. The first 
one consists in concentrating the sun rays into one place with the aim of heating a fluid, 
normally water, and then when it transforms into vapor it is used to move a turbine to 
produce electricity. The second one, uses the photovoltaic effect to transform those rays 
into electricity using solar panels. This one is probably the source that more investments 
is receiving because of the low efficiency of the panels, which stands around the 20 - 
25%, compared to the enormous quantity of kWh that receives the Earth's surface every 
second, which means that every second huge amounts of energy liable of  being 
transformed into electricity are lost. 
Those investments are being used in the investigation of new types of panels, changing 
their structure, their materials of their traditional shape and use. Some of the most 
important lines of investigation are going to be explained. 
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As it has been explained, one of the main problems of the solar panels consist in their 
lack of efficiency, which implies installing more devices to compensate this lack of 
production. This increment of devices causes another problem, the increment of space 
needed for the installation, and in order to solve this  several installations are starting to 
locate the panels over the water, in lakes or water reservoirs where the flatness is  
guaranteed and the panels can be easily installed. This solution is probably not the best 
one for domestic use, but it can be optimal for enterprises with high numbers of electric 
vehicles to charge.  
 
 
Fig. 10: Photovoltaic installations on the water 
Source: La Vanguardia 
Solving the lack of efficiency with more panels, wasn’t the solution for the architect 
André Broessel, so he designed a revolutionary-shaped system, building it with an 
spherical shape. The device consists in a glass sphere filled up with water, that is 
mounted on a structure which can rotate in order to concentrate and magnify all the 
sunlight rays in one small panel mounted at the base of the sphere, achieving an 
efficiency up to a 70% higher than the conventional panels, according to its designer. It 
can be manufactured in several sizes depending on the needs of the customer, and it is 
used many times as a decorative piece, as well as a clean source of energy. 
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Many customers also find difficulties to install a photovoltaic installation due to the lack 
of appropriate space to plac
or non-flat roof where attaching the panels is not possible or
moving energy source as it is sometimes used for vehicles or boats. 
be a good solution to power some devices or even to charge the batteries for an 
electrical van in the middle of nowhere. 
Although investing and investigating in new geometries and innovative ways of 
designing solar panels, another innovation that is gaining importance is the search 
new material that increases the low efficiency of today's panels. The newest 
technologies are being applied to 
silicon have had the same efficiency for many years, without remarkable changes. A 
new material structure is being used in the newest panels, that is called Perovskite
particular one was found to have high photovoltaic properties, and in the last 5 years, 
 
Fig. 11: Rawlemon panels 
Source: Rawlemon 
e the panels for many reasons. For example having a curv
, in case of needing a 
This equipment can 
 
 
Fig. 12: Flexible solar panels 
Source: LaBioGuia 
solve this problem, because nowadays panels 
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panels made with these materials have achieved efficiencies around 20% [9], very near 
to those that have had the silicon ones for many years. Additionally from their fast 
development, another advantage of these panels is their capacity to be produced as a 
liquid ink, which  facilitates the panels' manufacturing, what would decrease the price of 
manufacturing, which is nowadays an important problem of this technology. 
Last but not least, during the whole project when talking about solar energy it has been 
referred to the photovoltaic one, because is the more suitable to match with the EVs due 
to the ease to install it in particular residences. But to transform the energy on a large 
scale is becoming more and more popular the construction of thermal centrals, using 
thousands of mirrors to concentrate the sun rays into one place.  
 
Fig. 13: Thermal solar central 
Source: PowerOilandGas 
As it has been explained before, this concentration of rays is used to evaporate the fluid, 
normally water, to move a turbine. The inconvenient, as it happens with the 
photovoltaic panels, is that the energy is produced only when the sun shines and not 
when it is needed, and the storage is too expensive. For that reason, in the big thermal 
centrals a new technology is starting to be implemented increasing the efficiency up to a 
46% [10], called Hydricity. This technology consists in increasing the working 
temperature from 625 ºC to 725ºC and with the electricity produced by the turbines, the 
water molecules can be separated and the hydrogen stored allowing to have electrical 
production without sun, using the hydrogen as fuel, for example at night. 
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   3.2.2.3 Wind energy 
As it has happened with the photovoltaic developments that have been studied in the 
previous point, the renewable energies coming from the wind are moving in the same 
direction in many aspects. One example is the problem of the lack of space and suitable 
places to install the equipment, and as well as it has happened with the solar panels, 
most of the new windmill parks are being moved into the sea where finding all the 
required space is not a problem. The bigger inconvenient of placing the windmills in the 
sea is the difficulty of installation due to the depth of the mast, but also it must be taken 
into account the corrosion and tough working conditions that these windmills will 
suffer.  
  
Fig. 14: Windmills in the sea 
Source: Science Nordic 
The problem of the depth has recently been solved by the enterprise Statoil designing a 
system that substitutes the fixing of the mast to the ground for a floating system that 
allows to install those windmills much deeper, which means being able to  build these 
parks as far away as possible from the civilization. This prototype has been tested at the 
southwest of Norway, 12 km far from the coast and 700m of depth, where it has been 
working since 2009 producing an electrical output of 2,3 MW[11]. Moreover this 
enterprise is planning for the end of 2017 to have the world's first floating offshore wind 
park near the United Kingdom, that would provide enough energy to power around 
20.000 homes in Scotland. 
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Fig. 15: Hywind pilot park (UK)  
Source: Power Technology 
 
As well as it happens with the solar energy, this type of energy is produced when the 
wind blows and this not always happens when it is needed, and storing energy is not a 
solution due to the high costs. And as the solar energy is starting to do, using  the 
excesses of energy to dissociate the water, and obtaining O2  and H2. The oxygen can be 
easily dropped to the atmosphere as it is one of its components and the hydrogen is 
stored in order to used it as fuel when there is demand.  
These solutions are optimal to produce energy at a big scale, but at a customer's level 
there is another option that is more likely to be implemented nowadays. This option 
uses the same technology, but the only difference is the size and production of the 
device. This smaller turbines can be installed at home without any complex installation 
and no big spaces are needed, as well as the advantage of being able to produce 
electricity 24 hours a day, not only when the sun is shining. One example of this device 
is the Avant Garde Innovations startup, focused on the green-tech energies, that has 
developed a wind turbine that costs less than an Iphone and can produce energy for 20 
years according to them. This small sized windmill produces between 3 to 5 kWh per 
day in the appropriate conditions, and the exact cost is 749$ [12].  
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Fig. 16: Windmills in the roofs  
Source: Modus Vivendi 
 
   3.2.2.4 Hydraulic energy   
As well as the wind energy, the hydraulic one has an advantage over the solar one, that 
consist in the regularity of energy supplying, while the water keeps flowing. Nowadays 
the hydraulic installed capacity in Spain stands around the 17% of the overall, as it can 
be seen in Fig. 8, being one of the most important renewable sources in our country. 
But, as everything in this world, this technology has their detractors claiming that the 
huge impact that creates building the huge dams does not compensate the clean energy 
generated.  
  
Fig. 17: Dams with hydraulic systems 
Source: Energy BC 
In front of this claim, it can be argued that the dams are built in order to create water 
reservoirs for the driest seasons, and at the same time taking advantage to produce 
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electricity with the kinetic energy of the water. But also, one of the biggest problems of 
the renewable energy, as it is the storage of it when it is not needed, can be easily solved 
with this type of technology, and it has been used in recent years with favorable results. 
This solution consists in using the excesses of energy, normally produced at night time, 
to carry the water into lakes in the mountains, so when the electricity is needed it can be 
thrown down in order to regain the energy used to pump the water previously. Pumped 
hydroelectricity has a storage efficiency of around 70 - 85%[13] and it is a great 
solution for large scale electricity storing, due to the ease of the systems needed. It has 
also to be taken into account the geographical restriction, which limits the flat regions to 
use this technology. The pumped hydroelectricity matches perfectly with the wind 
energy, which has the same storing problem as the rest of the renewable sources, 
producing electricity only when the weather is favorable which not always coincides 
with the demand.  
 
 
 
Fig. 18: How the artificial lakes work 
Source: Power electronics news 
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Based on the same concept of investing the surplus of electricity to transform it into 
another way of energy, it can be found several methods such as the hydrostor 
technology and similar ones.  
The hydrostor technology consists in using those excesses of electricity to pressurize air 
into an accumulator and then placing them into a depth with the same pressure as the 
container. It can also be stored in caverns, which allows to use this system with higher 
quantities of air at variable pressure. When the demand increases, the air flow is 
reversed and it tends to move towards the surface, moving the turbines that previously 
compressed the air to generate electricity with an efficiency above 60% according to the 
company.  This technology is already being used in Toronto, Canada and Aruba, having 
in this last country a power rating of 1MW and a storage capacity of 6MWh, enough 
energy to supply 221 Spanish homes for one day[14]. 
Another method that it is being used to transform the hydraulic energy into electricity, 
consists in taking profit from the vibrations produced by the water flow through the 
cylinders. This device, called VIVACE (Vortex Induced Vibration for Aquatic 
Clean Energy) does not need high speed fluids, it is enough from 2 to 4 knots (3,89 to 
7,78 m/s) which is a speed that is off the working range of the common turbines. 
Another advantage of the slow work speed is the non physical harm risk for the fish. 
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This device has a production capacity of 51W/m
[15], and thanks to the ease of currents predictions it is much simpler to pour the 
electricity into the grid, unlike the solar and wind energy.
 
   3.2.2.5
Apart from all the problematic about the charging points that has been explained in the 
previous points of the project, there is another problem with the sustainable charging. 
This problem consists in the obstacles that some governmen
not stimulate the home charge
introducing new taxes to the electricity generation at the customers' houses. 
 
Fig. 19: Hydrostor technology 
Source: VIVACE 
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The European Union has already started to put pressure on those countries who are not 
encouraging the society to install renewable power in their homes, one example of those 
countries is Spain, which has the highest amount of profitable solar energy and is also 
the first in implementing a law against the domestic solar generation, creating the 
commonly denominated 'sun tax'. This means that apart from the general electric fees, 
those who profit from renewable sources have to pay an extra tax for every Watt they 
consume.  This tax is incremented in case of having storage systems, to save the 
excesses of energy. 
The normal taxes for the common electric users are: 
• Electricity generating cost. 
• Fix cost of transport and distribution of the electricity. 
• Cost of the energetic politics, promoting the renewable use. 
• Government taxes. 
The extra taxes for those who want to generate their own clean energy, are composed by 
two parts: 
• Output tax: In case the customer installed some batteries or its electrical output 
peaks surpass the one hired. 
• Own produced energy tax, that the customer must pay for the energy that has 
produced himself.  
Another fact that those entrepreneurs complain about, is what should be done with the 
excesses of energy generated, meaning all the energy that the panels have transformed 
but it is not needed at that moment. In 2015 when this law came into effect, it was not 
permitted to install batteries to store that electricity, but recently it has changed due to 
the complains of the consumers, being legal to install them but paying the tax that has 
been explained before. For those who do not have batteries, or when the batteries are 
fully charged, the only solution is to pour all that electricity into the electric grid, with 
no rewarding for it, permitting the electric companies to sell it with zero cost for them. 
This happens in Spain, while in the rest of the European countries it is commonly used 
the 'zero-balance', which means pouring to the grid the electricity not used, normally 
during the day, to take it back when need it.   
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It is said by the government that these taxes have the aim of distributing the grid 
maintenance between all the clients, and without it those who have the generating 
systems would be too benefited in front of the rest, that would pay extra. This argument 
is rational, but not the idea of paying an extra fee for installing a more efficient device.  
It is also said that all the European countries have similar politics, but taking a look to 
them, It can easily be  be demonstrated that it is not quite true. The politics in the 
European countries that use high quantities of solar energy are[16]: 
o In Portugal, home generating installations up to 200W won't need any 
bureaucracy, the ones which are up to 1,5 kW (approximately 6 solar panels) 
only need a notification to the electric companies. The larger PV installations are  
free-tax up to 1MW, but need to be regulated. In this country it is also permitted 
to pour the excess of production into the grid, with a compensation of 90% of 
electricity's market price. 
o In Germany, there is a tax (EEG Umlage)  for all the electric consumers destined 
to favour energetic transition. The solar installations below 10kW are exempted 
to pay and the ones over that output have a reduction of 60% of the price. In this 
country also exist some financial aids for every renewable-produced kW, and the 
excess of production can easily be poured into the grid, but with no 
compensation. 
o In France, a new self-production regulation has recently come into effect, 
referring to the solar installations below 100kW which will have lower taxes to 
use the grid, than the rest of the consumers. The opposite than in Spain, where 
the self-producers must pay higher taxes than the rest. 
o In Italy, similar procedures to the rest of the European countries have been 
developed. The commonly known as 'Scambio sul posto', in which the consumer 
can pour all the excesses of electricity into the grid, and later take it back free-
tax, also called 'net balance'. The Italian government has also implemented some 
reductions on the taxes, as lower VAT and other tax benefits. 
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 3.3 V2G technology 
Back in 2011, when the nuclear catastrophe of Fukushima occurred, the energetic need 
lead the Japanese to use their hybrid vehicles as generators, using the electricity stored 
in their batteries. This crisis produced an acceleration in the development of energy 
storage, involving several important automotive brands as Nissan, Toyota and 
Mitsubishi. That particular event made Professor Kempton, from the University of 
Delaware, think about something bigger as it is connecting several electric cars to be 
used as a big battery. Two years after the Fukushima catastrophe, Kempton achieved to 
connect successfully fifteen electric Minis that could store and later on supply 
electricity. This was the beginning of the recent technology called V2G (Vehicle to 
Grid) where the transfer of energy is bidirectional, meaning that when the electricity 
demand is low the connected vehicles and the home batteries get charged and when the 
demand rises, instead of powering a coal, gas or nuclear power station the needed 
energy is taken from the batteries of the connected vehicles which are not going to be 
used for a while.  
Using this technology the biggest problem of the renewable sources can be solved, 
because instead of using huge batteries which is not efficient as well as affordable, it 
can be replaced by thousands of small batteries spread by the whole region. This would 
imply using an advanced control program which would have to know where and when 
are those vehicles available in order to give the appropriate response in every case of 
energy need.  
In case of insufficient stored energy in those batteries, which would happen at the 
beginning of the development of this technology due to the lack of EV's expansion, it 
would only be needed to start the conventional power stations as it happens now, and at 
least some energy would have been saved. In order to explain further on this 
technology, the next graphic is going to be used. 
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Fig. 20: Explanation of how the V2G works  
Source: El País 
 
 Fig. 21: Explanation of how the V2G works  
 
The V2G technology is based on the self-consumption, which means to use the 
electricity produced at the consumer's homes, being able to be plugged into the grid in 
case of lack of energy or selling the excesses of that production to the grid. For the 
optimum performance of this technology, homes should own an EV and the appropriate 
equipment to produce and store the electricity, as the domestic batteries and 
photovoltaic panels.  
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 3.4 Are the EVs profitable then? 
After all the data that has been studied in the course of this project, the missing question 
is if changing to an EV is it truly profitable, and how much would it cost to the 
customer. The answer to this question, has to be divided in two parts: The cost of the 
vehicle, and the cost of the recharge of the EV. 
 
  3.4.1 The cost of the EV 
In the actual market, there are hundreds of types of EV, having an average price for a 
normal class one of 30.000€, depending on many factors such as the autonomy, the 
performance and the type of recharge. The average price of the low-class EVs and the 
medium class ones, are not too different, being the average of the first ones around 
25.000€. In this category is probably where the difference between the EVs and the ICE 
vehicles is greater, because if we compare the medium class ones, it is easily seen that 
the conventional cars price is lower, but not as much as it is on the low-class one. 
But apart from the disadvantage of the initial price, it must be taken into account the big 
quantity of financial aids and legal benefits that go along with the EV, such as price 
discounts when buying these vehicles, free parking zones and tax-free highways. 
Another advantage is the saving that the customer gets every time he uses his vehicle, 
due to the lower costs of repairs because this type of cars have an engine much more 
simple, and in average need much less maintenance. 
  
  3.4.2 The cost of recharging our EV 
It is a fact, that the initial inversion is much higher when choosing an EV, but what 
nowadays is not clear enough is if from a long term point of view, it will be more 
profitable to choose an electric or an ICE vehicle. There are mainly two ways of 
recharging an electric vehicle, the first and most commonly used nowadays , is to plug 
the customer's vehicle to the electric grid, with different types of charge, and the second 
one consists in equipping the customer's home with an photovoltaic installation. Both 
 Analysis of domestic power generation: Options to recharge electric cars.  Pg. 44 
 
 
 
options are going to be analyzed but first of all, it is needed to know what the demand is 
going to be. 
To calculate that demand there are some values needed, as the type of battery, the 
autonomy and the consumption of the vehicle, as well as the average distance that 
people drive per day. 
To carry out this case study, the chosen vehicle is the Tesla Model 3, which is starting 
to be delivered at the end of 2017 and is probably the car that has created the bigger 
expectations. This car price starts at 31.045€ equipped with an electric engine of 524 
CV and a autonomy of 345km[17]. The model is expected to have installed a Ion 
Lithium battery with a capacity of 90 kWh. This means that to charge it slowly (Level 
1: 230V 3,3kW) at a normal garage will take around 12h with no need of installing a 
special charging device, and to charge it in the Super-quick mode (Level 4: 120 kW)  it 
will take around 20 minutes to increase our autonomy in 200km. 
In average, the EVs consume 12 - 14 kWh/100km, similar to the Tesla Model 3. Taking 
into account that the Spanish driver travels 12.000km/year in average [18], which 
means that every day the Spanish drive around 32km, in terms of electricity this is 
equivalent to 3,84 - 4,48  kWh/ day. According to these numbers, the customer could 
charge its Tesla only once a week, and he would only use one third of the battery 
capacity. This can be used also for other cars with lower capacities, most of them are 
around 30 - 40 kWh. To charge our car at night would cost around 1,55€/100km [19]  
versus a minimum of 7,79€/100km of the ICE vehicles. 
This means that using the home recharging option, the driver of an EV will spend 
186€/year recharging its vehicle, while the driver of a conventional vehicle will spend at 
least 934,8€/year with an efficient car.  
In front of this, if the customer chooses to produce its own energy, he will stop paying 
more for recharging its vehicle and will save in the electricity bill. The Spanish houses, 
consume in average 9.922 kWh per year [14], which means that the normal demand 
stands around 826.83 kWh/month or 27,56 kWh/day.  
It is necessary to know what electric output peaks will suffer our electric installation, a 
medium house (50 - 80 m2) fully equipped (everything electric: oven, microwave, 
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dishwasher, illumination, fridge, TV, computer, etc) would have peaks from 4,6 kW to 
9,2 kW [20]. Once the characteristics of the installation are known, it is time to choose 
which equipment is the most suitable for our needs, designed to supply not only the 
house's needs but also the charging of the EV, with output peaks of 6 kWp which is just 
in the middle of the output needs of the medium-size house explained before, a 
photovoltaic installation of 30 kW/day connected to the electric grid would cost 
8.400€[21]. Taking into account that the working life of the panels stands around 25 
years, and the average Spanish energy bill (electricity and gas) stands around 990€ per 
year[14], which would rise the return period up to 9,34 years.  
As everything in this world, it is not as perfect as it seems, because in this estimation it 
has not been taken into account the strict Spanish regulation and taxes, that would 
enlarge that return period in several years. But also there is an extended thought that as 
well as it happened with the first generation of solar panels, that were quickly surpassed 
by new ones, cheaper and with higher performances, it will happen the same with these 
devices, which price depends mostly on the batteries and it is expected to fall in the next 
years.  
To supply the 9.922 kWh per year needed, that corresponds to the electric Spanish 
average demand, a high number of solar panels are needed as well as big capacity 
batteries' in order to store the needed energy. The most useful and economical way to 
produce energy at home, is to equip our house with a installation capable of supplying 
part of the building's needs. The consumption of the house depends on many factors but 
the EV's one can be easily calculated, as it has been before, needing around 5 kWh per 
day, or around 35 kWh per week which is not a large amount. 
To get an idea of how much would cost the installation and how profitable would it be, 
a study is going to be carried out, to supply around one quarter of the energetic needs 
with solar panels. According to an UPV's project[22], for supplying 2345,117 kWh/year 
it would be necessary to calculate the number of panels, and for it the variables that are 
needed for this estimation are the type of panel, the solar irradiation, the electric demand 
and the total losses of the system. The equation to calculate the number of solar panels 
is the next one. 
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E Total consumption 2.345,117 kWh 
L System's losses 15 % 
G Irradiation 2010 PSH 
CM Average module's intensity 8,23 A 
VM Nominal voltage  30,4 V 
 
Fig. 22: Solar installation data 
Source: UPV Project 
The total system losses is a theoretical value, it depends on every installation and it is 
comprised between 10 - 20%. The total irradiation has been calculated in the city of 
Valencia (Spain) which is in the average of the Spanish irradiation and using the 
optimal slope of the panels[23], and the intensity and voltage are particular parameters 
of the module used for this estimation, the IBC PolySol 250 VM Pollycrystaline.   
Using the previous formula and the data calculated before, we can find that the number 
of panels required to supply all the house's demand is 5,33 ≈ 5. For changing this 
electricity from DC (the panels supply in continuous current) to AC (most of the home's 
electric devices work with alternate current) it is also needed an inverter, and in our case 
the chosen one for our installation is the Sunny Boy 1300 TL-10 which has a voltage 
range of 115 - 480 V and a maximum intensity of 12 A. This one is suitable for our 
panels, because they are structured in parallel so the intensity going through them is 
constant and the voltage is the addition of all the panels. 
So, according to the same project, the total installation cost would rise up to the 2609,8€ 
for the panels installation and 2382,12€ for the inverter one, that would give a total 
amount of 4991,2€.  This would be the final price if we were connected to the electric 
grid, with a 'net balance', being able to pour all the excesses of electricity into the grid, 
to get them back when needed. In the case of Spain that this method is not possible as it 
has been explained in the point 3.2.2.2, it would be necessary to use all that energy 
instantaneously, charging the vehicles in the periods of the day were the sun shines 
more, normally at midday. But this way lots of energy would be lost, so the other option 
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is to install batteries as well. In our previous estimation, the chosen batteries are 12V 
Solar Stationary OPzS 765A, 6 glasses of 2 V, needing  4 of them with a price of 
1508,22€/unit so the total price would be 6032,88€. Adding batteries, the installation 
cost would pass from nearly 5.000€ to more than the double, which makes it hard to 
recover the inversion. 
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4. Comparison of recharging equipments  
Changing our energetic model into a renewable and eco-friendly one or just installing 
alternative energy sources at our homes to reduce our electricity bill can be a harder task 
than it seems. Hundreds of different brands with hundreds of different products each, 
can make the decision difficult and it is important to choose correctly if we want the 
system adapted to our needs.   
 
 4.1 Types of panels 
The harder to choose in a solar installation is probably the photovoltaic panels due to 
the huge importance they have for achieving a correct performance, and in the long term 
those are probably the equipment which will make the difference between an efficient 
installation or another which is not. These devices are made to work for 25 years of 
more normally, and to recover the initial investment takes time. Not every manufacturer 
guarantees the customer that their product is going to be functional for that time, so it 
pays off to keep searching the appropriate panel for our requirements. Price, as it has 
been said previously, is an important issue to consider before making the decision but it 
must not be the first thing the customer looks at, because the cheapest one can also be 
the one with a lower quality. It is also advisable to take a look to the manufacturer 
where the product  is being bought, because as these are long term investments if years 
later the enterprise goes bankrupt, all the guaranties that come with the panel will be 
useless. 
The main characteristics that must be taken into account are basically price and 
performance, and this last one can be divided in three aspects: 
• Output (Peak) [kW] - shows the maximum electrical output that the panel is able 
to produce.  
• Warranty [Years] - how much time the brands assures that the product will work 
at a certain output as minimum. 
• Efficiency [%] - ratio of conversion between the total irradiation received and 
the generated output. 
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In the today's market, there are hundreds of panels and it can be difficult to know where 
to start searching the desired panel. To begin with, it can be useful to compare the 
different panels available, using some surveys from specialized enterprises. For this 
project it is going to be used the surveys from TÜV Rheinland which supplies 
inspection and certification processes with 35 years of experience in the solar industry 
and Energy Sage which is an enterprise backed by the U.S. Department of Energy with 
the mission of creating a photovoltaic marketplace where simple solution is provided.  
The TÜV Rheinland is a 100% independent company that offers a service in which the 
security, performance and quality are tested, buying the product anonymously which 
means that the manufacturer doesn’t know that it is being tested. The PV+Test 
examination consists on several points, the most important ones are: 
• Performance measure in of the photovoltaic cells. 
• Aging behavior in different climatologic conditions. 
• Analytic methods as electroluminescence, infrared, spectral analysis and 
polarization.  
• Mechanic load simulations. 
• Failure testing. 
The materials and manufacturing methods have a great importance in the subsequent 
quality, performance and warranty of the product, and for that reason is important to 
choose a panel that has a high qualification in a test similar to this one. According to 
this test the best qualified panels are shown in the chart.  
 
 
Score Result Manufacturer Analyzed panel 
92,29 Excelent SolarWorld SW245 Poly 
91,3 Excelent (-) Schott Schott Poly 290 
90,7 Excelent (-) SHARP NU-180E1 
89,8 Good (+) IBC IBC Monosol 240 ET 
89 Good (+) Mitsubishi Electric PV-TD185MF5 
88,5 Good (+) Jetion JT235PCe 
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88,1 Good (+) Conergy PowerPlus 225P 
84,3 Good Sovello SV-X-195-fa1 
80 Good (-) Perfect Solar PS230-6P-TOP 
 
Fig. 23: PV+Test Results 
Source: CEMAER [24] 
 
It can easily be  seen how the asiatic brands nearly disappear in this kind of tests, and 
this is due to the tendency to create a lower quality product, that is compensated with 
lower and more competitive prices.  
It has already been explained which are the most important characteristics in a solar 
panel, but there is one of them that it is closely linked to a great performance and that 
one is the efficiency. This characteristic gives an idea of how much energy is converted 
per cell, which means that with less panels and consequently with less space, it can be 
produced the same quantity of electricity than in bigger installations. At the same time, 
higher efficiency normally means higher quality and that is also linked to higher prices 
usually. For that reason, the comparison that is going to be made will include the 
PV+Test top panels, but also some of the most efficient panels of the market. To select 
this kind of panels it will be used a chart where classified by brands, the range of 
efficiencies is showed, giving an idea of which kind of panels can be found in their 
stocks.  
  
Solar Panel 
Manufacturer 
Minimum Efficiency 
(%) 
Maximum Efficiency 
(%) 
Average Efficiency 
(%) 
Amerisolar 14.75 17.01 15.97 
Canadian Solar 15.88 17.72 16.58 
CentroSolar 15.3 17.8 16.21 
Grape Solar 16.21 17.64 16.75 
Hanwha Q CELLS 15.9 18.3 16.97 
Heliene Inc. 15.6 19.3 17.31 
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Itek Energy 16.49 18.94 17.71 
JinkoSolar 15.57 18.57 16.95 
Kyocera 14.75 16.11 15.42 
LG 16.8 19.5 18.28 
Mission Solar 15.98 18.36 17.18 
Mitsubishi Electric 16.3 16.9 16.6 
Panasonic 19 21.6 20.3 
Renogy Solar 15.3 18.5 17.3 
Seraphim 15.67 17.52 16.55 
Silevo 16.9 18.5 17.7 
Silfab 15.3 18.4 16.75 
Solaria 18.7 19.3 19 
SolarWorld 14.91 17.59 16.64 
Suniva Inc 16.66 17.65 17.14 
SunPower 19.1 22.2 20.58 
Trina Solar Energy 15.2 17.8 16.3 
 
Fig. 24: Range of efficiency by manufacturer 
Source: Energy Sage [25] 
 
As it can be seen on the chart, there are manufacturers that only produce high or low 
efficient panels, but there are also some who design all kinds of qualities, having a big 
range of products. To choose the most efficient, it will be taken into account the 
maximum efficiency, which are SunPower, Panasonic and LG. 
Once the panels have been selected a description of every panel is going to be done. 
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1. SW245 Poly 
 
 
Fig. 25: SW245 Poly 
Source: Solar World 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
245 Polycristalline 21,2 1675x1001 14,61 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
37,5 8,49 30,8 7,96 240 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 25 years with a maximum performance degresion of 0,7% p.a. and 10 years 
on the product. 
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2. Schott Poly 290 
 
 
Fig. 26: Schott Poly 290 
Source: Schott 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
290 Polycristalline  41,5 1685x1313 13,1 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
39,5 7,33 48,5 8,10 365 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 30 years with a maximum performance degresion of 0,5% per year and 5 
years on the product. 
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3. NU-180E1 
 
 
Fig. 27: NU-180E1 
Source: SHARP 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
180 Monocristalline  16 1318×994 13,7 -40 to 90 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
30 8,37 23,7 7,6 225 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 10 years with 90% power output  and 25 with 80%. 10 years on the product. 
 
 
 
 Analysis of domestic power generation: Options to recharge electric cars.  Pg. 55 
 
 
 
4. IBC Monosol 240 ET 
 
 
Fig. 28: IBC Monosol 240 ET 
Source: IBC 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
245 Monocristalline 24 1680x990 14,4 -40 to 80 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
37,3 8,47 30,2 7,97 220 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 25 years with a maximum performance degresion of 0,8% per year and 10 
years on the product. 
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5. PV-TD185MF5 
 
Fig. 29: PV-TD185MF5 
Source: Mitsubishi Electric 
 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
185 Polycristalline 17 1658x834 13,4 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
30,6 8,13 24,4 7,58 660 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 10 years with 90% power output  and 25 with 80%. 5 years on the product. 
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6. JT235PCe 
 
 
Fig. 30: JT253PCe 
Source: Jetion 
 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
235 Polycristalline 22,5 1655x992 14,3 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
37 8,4 30,5 7,71 210 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 10 years with 90% power output  and 25 with 80%. 12 years on the product. 
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7. PowerPlus 225P 
 
 
Fig. 31: PowerPlus 225P 
Source: Conergy 
 
 
Maximum 
output (Wp) 
Cell type Weight (kg) Dimensions (mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
225 Polycristalline 19,6 1651x986 13,82 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
36 8,3 29,05 7,85 250 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 12 years with 92% power output  and 25 with 80%. 10 years on the product. 
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8. SV-X-195-fa1 
 
 
Fig. 32: SV-X-195-fa1 
Source: Sovello 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
195 Polycristalline 17,4 1571x951 13,1 -40 to 80 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
21,7 12,11 17,6 11,8 240 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty -10 years with 90% power output  and 25 with 80%. 10 years on the product. 
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9. PS230-6P-TOP 
 
 
Fig. 33: PS230-6P-TOP 
Source: Perfect Solar 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
230 Polycristalline 22 1663x997 13,6 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
36,8 8,22 29,50 7,80 - 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 10 years with 90% power output  and 25 with 80%. 10 years on the product. 
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10. SunPower y E20/333 
 
 
 
Fig. 34: SunPower y E20/333 
Source: SunPower 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
333 Monocristalline 18,6 1559x1046 20,4 -40 to 85 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
65,3 6,09 54,7 6,09 350 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 95% of the power output for the first 5 years, −0.4% per year until year 25. 
25 years on the product. 
 
 
 
 Analysis of domestic power generation: Options to recharge electric cars.  Pg. 62 
 
 
 
11. LG Neon2 320 
 
 
 
Fig. 35: LG Neon2 320 
Source: LG 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
320 Monocristalline 17 1640x1000 19,5 -40 to 90 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
40,9 10,05 33,6 9,53 280 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - Power output of 98% 1st year and linear degradation of 0,6% per year until 
the 83,6% for 25 years. 12 years on the product. 
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12. Panasonic Hit N330 
 
Fig. 36: Panasonic Hit N330 
Source: Panasonic 
 
Maximum 
output (Wp) Cell type Weight (kg) 
Dimensions 
(mm) 
Efficiency 
(%) 
Opering 
temperature 
(ºC) 
330 Monocristalline 18,5 1590x1053 19,7 -40 to 80 
 
Open Circuit 
Voltage [VOC] 
(V) 
Short Circuit 
Current [ISC] 
(A) 
Maximum point 
voltage [VMPP] 
(V) 
Maximum point 
current [IMPP] 
(A) 
Price (€) 
69,7 6,07 58 5,7 470 
Electrical parameters for STC (1000W/m
3
,Tmodule=25ºC) 
Warranty - 10 years with 90% power output  and 25 with 80%. 15 years on the product. 
 
Once the selected panels have been presented, it is time to focus on the pros and cons of 
each one, comparing all the characteristics that are shown in the tables. As it has been 
shown at Fig.28, every company produces panels of a certain range of efficiencies and 
in the next graph all the panels explained before are classified by that aspect. 
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It can easily be  seen how the last three are by far the most efficient, with differences up 
to 5% which means that with the same quantity of irradiation, in case of having the 
same output one would produce a 5%
It is also interesting to observe how does the efficiency affect the price, to know if that 
increase in the electrical production is compensated with a 
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Fig. 37: Comparison of efficiencies 
 
 more of electricity than the rest.  
high rise on the prices or not.
Fig. 38: Price vs. Efficiency graph 
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In Fig.38, the optimal area for the points, 
the right in order to obtain the cheap and efficient
(numbers 5, 9 and 8) that do not have an outstanding efficiency, but
relatively high, so using 
discarded.  
The efficiency is important, but it is not the only characteristic that must be taken into 
account, because a panel can have a great efficiency b
that case it will be needed a higher number of devices to obtain the required output. 
Another important parameter that helps to compare, is the amount of Watts per Euro 
that the installation is able to produce.
 
In Fig.39 it is important to try to maximize the amount of W/
about the electrical production of the panel per euro invested, taking into account only 
the initial payment for the device. It is 
panels number 1, 4, 6 and 11, emphasizing the last one
1,17 W/€.  
The initial investments that must be made to insta
significantly high, and by that reason 
inversion. One way of making sure that what the customer is buying is not a risky 
business is to investigate a little the 
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 their price is 
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studies as the PV-Tech surveys [
the market. Other way to find that security is searching a long product and performance 
warranty. It is known that the photovoltaic panels have a working life of more than 20 
years, what should be enough to recover the initial investment. But finding a good 
warranty can prevent the customer from having troubles with the equipment, and in the 
next chart the different types of warranties from the explained panels are compared.
 
 
As it is explained in Fig. 40
to the output performance of the panel, assuring in all the cases
the initial output after 25 years of working
number 2, which has an extra 5 years of warranty up to 30 years. It can also be seen in 
blue color the product warranty which "
protects you against problems such as
premature wear and tear etc
significant differences between the compared panels with an average warranty of 10 
years. It is important to highlight the 
which is not a good sign 
assures the product for 25 years
performing of their product.
0
10
20
30
1 2 3 4
 
26] can help to know how valued is the 
Fig. 40: Amount of Watts per Euro: 
, it can be seen in red color the linear warranty, which refers 
 a minimum of 80% of 
 life. In this case there is only one panel, 
covers the integrity of the panel itself, and 
 manufacturing defects, environmental issues, 
" as it is said by the manufacturers. In this case there are 
panels 2 and 5 which only have 5 years warranty, 
for paying such amount of money, and number 10 which 
, showing how confident is SunPower in the well
 
5 6 7 8 9 10 11 12
Product warranty
Linear Warranty
 Pg. 66 
enterprise in 
 
 
-
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Once the comparison is made, between the top 9 panels according to the PV+Test, and 3 
of the most efficient panels of the market it can happen that the customer's needs require 
a different type of panel and for that reason another ranking has to be used to show 
more types with a bigger range of prices, efficiencies, outputs and warranties. In order 
to simplify the task a comparison chart has been made taking into account two main 
aspects, as performance and cost details.  
 
Ranking Panel 
Overall 
rating 
Cost per 
panel (€) 
Number 
of panel 
for a 
sample 
house 
Total cost 
Total 
warranty 
(years) 
1 
Kyocera 
KD315GX-
LPB 
9.13 335,29 15 5029,41 5 
2 
Canadian 
Solar 
CS6X-
305M 
8.82 187,20 17 4610,92 10 
3 
Grape 
Solar 390W 
8.60 491,60 13 6390,73 10 
4 
Grape 
Solar 250W 
8.58 335,29 20 6705,88 10 
5 
Suntech 
STP255S-
20/Wdb 
8.45 229,29 20 4585,71 5 
6 
Samsung 
LPC250SM 
8.43 315,13 22 6932,77 5 
7 
Sharp ND-
Q245F 
8.07 268,07 20 5361,34 10 
8 
Lumos LSX 
250-60M 
7.77 419,33 20 8386,55 5 
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9 
Sharp ND-
F2Q235 
7.38 296,64 20 5932,77 10 
 
 
     
 
Fig. 41: Cost details 
Source: TopTenReviews 
 
 
Panel 
Solar 
efficiency 
Maximum 
power (W) 
Maximum 
Power 
Voltage (V) 
Maximum 
Power 
Current 
(A) 
Cell 
Technology 
Type 
Number 
of Cells 
Kyocera 
KD315GX-
LPB 
16 315 39.8 7.92 Poly 80 
Canadian 
Solar 
CS6X-
305M 
15.9 305 36.6 8.33 Mono 72 
Grape 
Solar 
390W 
15.21 390 49.4 7.92 Mono 96 
Grape 
Solar 
250W 
15.1 250 30.7 8.15 Mono 60 
Suntech 
STP255S-
20/Wdb 
15.7 255 30.8 8.28 Mono 60 
Samsung 
LPC250SM 
15.62 250 30.5 8.20 Mono 60 
Sharp ND-
Q245F 15 245 29.3 8.36 Poly 60 
Lumos 
LSX 250-
60M 
14.68 250 30.1 8.31 Mono 60 
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Sharp ND-
F2Q235 
14.4 235 29.2 8.05 Poly 60 
  
Fig. 42: Cost details 
 Source: TopTenReviews  
 
It is important to evaluate what are the properties required for each installation, because 
this chart is made generically but every case has different requirements that have to be 
taken into account before the decision is made. One example is the price per panel, but 
depending on the output it will be needed a different number of them, changing the final 
price considerably. It must also be arranged the necessary voltages and intensities for 
the correct supply of electricity to our home. 
 
 4.2 Types of batteries  
As it has been explained along the project, the panels installation must be combined 
with a storage device, if we want to take the maximum profit from the installation. In 
recent years, some companies have launched home battery devices that can store the 
electricity produced by the panels during the day to use it at night to recharge our car, or 
just as an alternative source in case of electrical blackout. Tesla is probably the most 
known brand in this area, but it is not the only one offering quality products like the 
PowerWall. Some of these competitors are going to be compared in the following pages 
are LG, Nissan, Albufera Energy Storage, Solar Rocket, Solarwatt and Orison. These 
batteries are generally made of reused cells, which were used in an electric car but now 
they are not enough to power a vehicle. Instead they are able to be used in a house to 
store the energy produced by renewable sources or just to store the electricity when the 
price falls in order to save money, using it when the price is much higher.  
As it happens with the solar panels, choosing the right equipment can be difficult. 
Although there aren’t as many domestic batteries as panels available, due to their recent 
arrival into the market, there are enough to worth taking some time to choose them. 
The following storing devices have been chosen taking into account their availability in 
the market, specially the Spanish one, but also their quality reports.  
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Tesla PowerWall 2 
 
 
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
14* 6.880 
Round trip 
efficiency (%) 
Depth of 
discharge (%)
91,8 100 
*13,5 kWh usable 
 
 
 
 
 
Fig. 43: Tesla PowerWall 2 
Source: Bornay  
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Yes 10 5 / 7 
 
 
 
Dimensions 
(mm) Weight (kg) 
Voltage 
(Nominal)
1150x755x155 120 50
 Pg. 70 
 
Operating 
temperature 
(ºC) 
-20 to 50 
 
Battery 
type 
 Li-Ion 
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LG Chem Resu 
 
   
Fig. 44: LG Chem Resu 3,3 6,5 and 9,8 
 Source:  LG 
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
3,3* 2.800 No (+1000€) 10 3 / 3,3 -10 to 45 
6,5* 4.200 No (+1000€) 10 4,2 / 4,6 -10 to 45 
9,8* 5.000 No (+1000€) 10 5 / 7 -10 to 45 
* Usable energy of 2,9/5,8/8,8 kWh respectively. 
 
Energy 
capacity 
(kWh) 
Round trip 
efficiency 
(%) 
Depth of 
discharge 
(%) 
Dimensions 
(mm) Weight (kg) 
Battery 
type 
3,3 95 90 452x401x120 31 Li-Ion 
6,5 95 90 452x654x120 52 Li-Ion 
9,8 95 90 452x483x227 75 Li-Ion 
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Nissan XSTORAGE  
 
Fig. 45: Nissan XSTORAGE 4,2 
 Source: Nissan  
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
4,2 4.000 Yes 10 3,5 0 - 35 
6 4.500 Yes 10 6 0 - 30 
9.6 6.600 Yes 10 6 0 - 35 
 
Energy 
capacity 
(kWh) 
Round 
trip 
efficiency 
(%) 
Depth of 
discharge 
(%) 
Dimensions 
(mm) 
Weight 
(kg) 
Max. 
intensity 
Battery 
type 
4,2 97 90 1230x890x220 100 42 LMO 
6 97 90 1230x890x220 100 54 LMO 
9.6 97 90 1230x890x220 100 70 NMC 
*Without VAT and installation cost 
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Solar Rocket Ra Store  
 
Fig. 46: Ra Store 3K 
 Source: Solar Rocket  
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
5* 9.995 Yes 5 3 - 
5* 11.450 Yes 5 3,7 - 
7,5* 13.995 Yes 5 4,6 - 
* Usable energy of 4/4/6 kWh respectively. 
 
 
Energy 
capacity 
(kWh) 
Round trip 
efficiency 
(%) 
Depth of 
discharge 
(%) 
Dimensions 
(mm) Weight (kg) 
Battery 
type 
5 94 80* 1045x1245x545 175 Li-Fe 
5 94 80* 1045x1245x545 175 Li-Fe  
7,5 94 80 1045x1245x545 205 Li-Fe 
*Up to 90% in EPS mode 
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SolarWatt MyReserve 
 
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
2,2 2.800 
4,4 12.500 
Energy 
capacity 
(kWh) 
Round trip 
efficiency 
(%) 
2,2 96 
4,4 96 
 
 
 
 
 
Fig. 47: My Reserve 500 2,2 
Source: SolarWatt 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
No 10 0,75/1 
No 10 1,5/2 
 
 
 
Depth of 
discharge 
(%) 
Dimensions 
(mm) Weight (kg)
100 984x734x310 53 
100 984x734x310 78 
 Pg. 74 
Operating 
temperature 
(ºC) 
0 to 30 
0 to 30 
 
Battery 
type 
Li-Ion 
Li-Ion 
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Orison Panel or Tower 
 
 
 
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
2,2 1.300* 
Round trip 
efficiency (%) 
Depth of 
discharge (%)
- 100 
*1.600€ for the tower. There is no perfor
**860x Ø 230 
 
 
 
 
 
 
Fig. 48: Orison Panel and tower 
Source: Orison  
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Yes 10 1.8 / 3,5 
 
 
 
 
Dimensions 
(mm) Weight (kg) Scalable
560x710x63** 18 Yes
mance differences between the tower and the panel. 
 Pg. 75 
Operating 
temperature 
(ºC) 
0 to 40 
 
Battery 
type 
 Li-Ion 
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Sonnen Battery Eco 8.2/4 
 
 
Fig. 49: Sonnen Battery 
 Source: Sonnen  
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
4 4.900 Yes 10 3* 5 to 40 
*3,3kWh in three-phase and 5kWh peak. 
 
 
Round trip 
efficiency (%) 
Depth of 
discharge (%) 
Dimensions 
(mm) 
Weight 
(kg) Scalable 
Battery 
type 
86 100 695x700x220 170 
Up to 16kWh 
(steps of 2) Li-Ion 
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SMA Sunny Boy 3600 Smart Energy 
 
 
Fig. 50: Sunny Boy 3600 
 Source: SMA  
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
2 3.300 Yes 10 1,5 / 2 0 to 40 
 
 
 
Round trip 
efficiency (%) 
Depth of 
discharge (%) 
Dimensions 
(mm) Weight (kg) Scalable 
Battery 
type 
96,5 100 877x711x252 30 -  
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Senec SENEC.Home  Li 
 
 
Fig. 51: Senec.Home 5.0 Li 
 Source: Senec  
 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
5 - Yes 10 1,25/1,3 0 to 30 
7,5 - Yes 10 1,875 0 to 30 
10 15.500 Yes 10 2,5 0 to 30 
 
 
Energy 
capacity 
(kWh) 
Round trip 
efficiency 
(%) 
Depth of 
discharge 
(%) 
Dimensions 
(mm) 
Weight 
(kg) 
Battery 
type 
5 94 100 1125x530406 77 Li-Ion 
7,5 94 100 1125x530406 125 Li-Ion 
10 94 100 1125x530406 150 Li-Ion 
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GCL E-KwBe 5.6 
 
 
Fig. 52: E-KwBe 5.6 
Source: GCL 
Energy 
capacity 
(kWh) 
Battery 
pack cost 
(€) 
Inverter 
(Included) 
Warranty 
(years) 
Power 
(kW/kWp) 
Operating 
temperature 
(ºC) 
5,6 3.000 No 7 3 -20 to 50 
* 7 years and 75% nominal capacity. (87% after 2 years) 
 
Round trip 
efficiency (%) 
Depth of 
discharge (%) 
Dimensions 
(mm) Weight (kg) Scalable 
Battery 
type 
95 80 530x170x700 47,5  Li-Ion 
 
 
Once the panels have been presented, it is time to compare them. In order to do so, 
some graphs have been done taking into account several aspects as the energy capacity, 
the price and the ouput. The first characteristic that the customer looks at first is 
probably the price, and now a finantial comparison is going to be made. 
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Making a decision bassed only in the price can probably 
times the device with the lowest price offers also the worst performance. In order to 
avoid choosing incorrectly, another chart has been done where d
of storable energy by the price
Euro. 
The unit of W/€ is commonly used, as it shows clearly how much is the customer 
paying for the energy independently of the capacity of the device. 
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Fig. 53: Price of the storing devices:  
be a mistake becau
ividing the total amount 
, shows how many Watts is the customer getting 
Fig. 54:  Watts per Euro 
  
This is one of the 
Price
W/€
 Pg. 80 
 
se many 
per 
 
Price
W/€
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most importat characteritics that must be considered before making any 
is not the only one. The amount of power
battery, and also is the characteristic in which depends the amount of devices that can be 
plugged at the same time.  
 
On one side, it is clear in Fig.53
over the price average by far, and due to their high price their W/
the other side, in the W/€ graph it must be highlighted the good characteristics of the 
PowerWall, the Orison panel and the GCL battery surpassing all three 
Euro. In terms of power the devices with higher performance are the PowerWall, 
Chem Resu and the Nissan Xstorage
 
  4.3 System analysis
The question normally made by the customers 
performance as much as  how those devices would change their electric bills and if 
were possible to install them at their homes. To answer
homes are going to be studied, with three different electrical consumptions and outp
to show how would the equ
0
1
2
3
4
5
6
 
 desterminates the charging speed 
 
Fig. 55: Power of the batteries 
 how the Ra Store, My Reserve and Senec devices are 
€ rate is also low. On 
 with powers of 4kW or more.  
 
is not about the panels and batteries 
 that question, three types of 
ipment be applied in each case.  
Power (kW)
 Pg. 81 
decision, but it 
of the EV's 
 
1,5 Watts per 
the 
it 
uts 
Power
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The first step, is to calculate the total amount of electricity that is required by our 
electronic devices as for example the refrigerator, microwave and other domestic 
gadgets.  In the next chart the most common ones are shown, with the range of outputs 
that normally they work at, and the number of hours per day that are supposed to be 
working.  
Equipment Power Hours of use per day Wh per day* 
Refrigerator 250 – 350 W 24 6000 - 8400 
Microwave 900 - 1500 0,5 450 - 750 
Washing machine 1500 - 2200 W 1 1500 - 2200 
Oven 1200 - 2200 W 1 1200 - 2200 
Ceramic Hob 900 - 2000 W 0,5 450 - 1000 
TV 150 - 400 W 3 450 - 1200 
Air conditioning / 
Heating 900 - 2000 W 10 9000 - 20000 
Lightning and other 
small devices 1000 W 4 4000 
Total* 11650 W  27750 
*It has been taken the maximum amount, to include the worst cases. 
Fig. 56:  Electrical consumption of the electric devices 
 
The working hours is an estimation that tries to be in the average as much as possible. 
To calculate the hours of the air conditioning / heating, it has been tried to estimate the 
timetable of the average user. Supposing that the user is away from home around 10 
hours for work or study reasons, and sleeps 8 hours, it only remains 6 hours  being at 
home using the air conditioning / heating. Assuming also, that while sleeping the user 
will reduce the power by half or will program a timer for half of the night, what gives an 
estimation of 10 working hours per day. 
The first study case is going to be a house with refrigerator, microwave, oven, ceramic 
hob and TV plus 1000W of lightning and other small devices such computers, phones, 
etc. The second one is going to include the first case plus the washing machine, and the 
third one is going to be the second plus the air conditioning and an electrical heating. 
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These two devices are going to be counted as one because of their similar output, and 
because it is supposed that they won't work at the same time.  
To calculate the total amount of energy that is consumed in the house daily, the output 
of each device must be multiplied by the working hours. It can also be calculated the 
maximum power that can be produced at the house, adding all the outputs from all the 
electric devices, but that one is not the output that is hired. To that maximum capacity it 
must be applied the simultaneity rate, which is normally around 1/3, and approximates 
the amount of devices that work at the same time, so the maximum output is normally 
divided by 3 when hiring the output to the electric company. 
So, the three cases with their respective output and consumption's range, are the 
following ones. 
Case 1 - Refrigerator, microwave, oven, ceramic hob, TV, lightning and extra small 
devices. 
• Maximum output range : 4400- 7450 W 
• Needed output range (with the simultaneity factor) : 1466,67 - 2483,33 W  
• Consumed energy per day : 12550 - 17550 Wh 
Case 2 - Refrigerator, microwave, oven, ceramic hob, TV, washing machine, lightning 
and extra small devices. 
• Maximum output range : 5900 - 9650 W 
• Needed output range (with the simultaneity factor) : 1966,67 - 3216,67 W  
• Consumed energy per day : 14050 - 19750 Wh 
Case 3 - Refrigerator, microwave, oven, ceramic hob, TV, washing machine, air 
conditioning/heating, lightning and extra small devices. 
• Maximum output range : 6800 - 11650 W 
• Needed output range (with the simultaneity factor) : 2266,67 - 3883,33 W  
• Consumed energy per day : 17650 - 27750 Wh 
Included in these three cases, it will also be studied how would an electric vehicle 
change the house's consumption and the photovoltaic installation. The estimated 
consumption is explained in Fig. 57. 
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Fig. 57:  Electrical consumption of an EV 
 
As it has been explained in the point 3.4.2 The cost of recharging our EV, these vehicles 
are commonly charged at 3,7 kW with the normal plugs, what would be enough to 
charge them around 3,84 to 4,48 kWh per day.  
 
   4.3.1 Photovoltaic system's analysis 
Once the needed outputs and electric consumptions are calculated it is time to size the 
photovoltaic installation. A quick formula that can help in our project to calculate the 
number of panels to supply the needed energy is: 
 
. 	 
  =  
    

!" ∗  		$%$% ∗ 
& ' 	 (ℎ 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Form. 2: Number of PV panels 
Source: ClickRenovables 
Where, 
• Energy needed (Wh) - the daily amount of electricity consumed. 
• PSH (Hour) - The peak sun-hour is the unit that measures the solar irradiation, 
and is defined as the time of a hypothetic constant irradiancy of 1000 W/m2. One 
peak sun-hour is equivalent to 3,6 MJ/m2.  
 
Equipment Power Hours of use per day Wh per day* 
EV 3700 W 1 - 1,2 3,7 - 4,4 
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Fig. 58:  Graphic explanation of the PSH 
Source: PV education 
 
• Efficiency - This term refers to the total efficiency of the installation, that 
usually stands around 0,7 - 0,8. 
• Peak output of the panel (W) -  Maximum electrical output of the panel.  
To carry out this process of sizing, the output of the panels must be known. In order to 
do so, four panels have been chosen from the previous comparison on 4.1 Types of 
panels. To choose them, it has been taken into account their practical domestic utility, as 
size, weight and installation, and as in this aspect there are no significant differences 
between, it has been used the performance versus price criteria, being chosen the four 
with higher W/€ which also had great performances and a warranted long working life. 
The chosen ones are: 
• Panasonic Hit N330 
• SW245 Poly 
• IBC Monosol 240 ET 
• JT235PCe 
Before applying the formula to find how many panels are going to be needed, it must be 
known which values correspond to each variable as the energy, PSH, efficiency and 
peak power of the panel. The energy depends on which case is being studied, as well as 
the peak power that depends on the panel that is being used. The efficiency is going to 
be 0,8, supposing that high quality equipment is being used, and the PSH depends on 
the location of the installation.  There are many programs that help calculating the PSH, 
and using one of them it has been calculated the PSH of two cities in Spain, one in the 
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north and the other in the south, to observe how much affects the irradiation to the 
installation sizing. 
 
PSH Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Barcelona 2,65 3,33 3,87 4,7 4,96 5,24 5,76 5,24 4,95 4,17 3,12 3,12 
Sevilla 2,75 3,69 4,24 5,49 5,97 6,28 6,64 6,64 5,82 3,8 3,59 2,78 
 
Fig. 59:  Monthly PSH for Barcelona and Sevilla 
Source: Tutiendasolar 
 
Cities PSH Average 
Barcelona 4,25 
Sevilla 4,8 
 
Fig. 60: PSH average for each city 
 
There are two ways of sizing the PV installation, one is taking the lowest monthly PSH, 
so there won't be any period of the year where the consumption is higher than the 
production and the other one is taking the average PSH, where there will probably be a 
few months in which the consumption will be slightly higher than the production. The 
first case will be more expensive, but will assure enough stored energy to supply the 
home, and the second one will be more affordable, but it is likely that in the winter 
months, the grid back up will be necessary. Both cases are going to be studied to 
compare the differences.  
In isolated PV installations, it is always sized in the first way because the customer 
doesn’t have the back up of the grid, but in PV installations connected to the grid it can 
be interesting to observe how much money is saved using the average PSH.  
It must be taken into account that this study is focused on the houses that have the 
appropriate conditions, as their own roof or space for installing the panels and a parking 
to charge the EV. The lack of space is most of the times a problem to carry on with the 
installation, and a way to minimize this problem is to choose the panel with higher 
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power as possible. In this case, from the initial 4 selected panels, it has been chosen the 
one with the highest W/€ rate which is also the one with higher power, the Panasonic 
Hit N330 which sizes are 1590x1053mm, which means a surface of 1,67 m2. 
The following charts are the result of the installation sizing, showing the number of 
panels needed in the 3 cases to supply the required energy. It has also been taken into 
account the different PSH possible, being the first two located in Barcelona with the 
minimum and average PSH and the last one, located in Sevilla with the average PSH. 
The columns of minimum and maximum power refer to the power range of every 
electric device in a house, which is explained in  Fig. 56, in the min. power column, the 
number of panels is calculated taking into account that the electric equipment of the 
house works at the lowest power of the range, and at the maximum column, the 
opposite. 
 
Panasonic Hit 
N330 (PSH 2,8) 
Powermin 
Powermin with 
EV 
Powermax 
Powermax with 
EV 
Case 1 17,61 22,99 24,62 30,91 
Case 2 19,71 25,10 27,71 33,99 
Case 3 32,34 37,72 55,77 62,05 
 
Fig. 61:  Number of panels in the 3 cases, located in Barcelona with the  minimum SPH. 
 
Panasonic Hit 
N330 (PSH 4,25) 
Powermin 
Powermin with 
EV 
Powermax 
Powermax with 
EV 
Case 1 11,19 14,61 15,64 19,63 
Case 2 12,52 15,94 17,60 21,60 
Case 3 20,54 23,97 35,43 39,42 
 
Fig. 62:  Number of panels in the 3 cases, located in Barcelona with the  average SPH. 
 
Panasonic Hit 
N330 (PSH 4,8) 
Powermin 
Powermin with 
EV 
Powermax 
Powermax with 
EV 
Case 1 9,90 12,93 13,85 17,38 
Case 2 11,09 14,12 15,59 19,12 
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Case 3 18,19 21,22 31,37 34,90 
 
Fig. 63: Number of panels in the 3 cases, located in Sevilla with the  average SPH. 
 
It can easily be seen how the SPH affects the number of panels required, for the same 
power and energy needs, it is needed 17,61; 11,19 or 9,90 panels respectively. This 
difference is even higher if it is observed at the maximum power scenario in which the 
number of panels is 62,05; 39,42 or 34,90. These differences depend on the type of 
sizing desired, being the first one capable to sustain the house without the grid back up. 
There are differences also, between the cases with the EV included or not, increasing 
the number of panels from 3 to 6, being significant in the small installations (increased a 
30%) and becoming less important in the larger ones (increasing around a 11%) 
These devices must supply the house in terms of energy, but also in terms of power. The 
power supplied by the panels can be calculated, multiplying the power of each device 
by the total amount of panels. To make sure that the PV installation supplies enough 
power, it is going to be compared the required by the house with the one that the panels 
give in every case and PSH situation. 
Cases Wmin* Wmax* 
Case 1 4400 7450 
Case 2 5900 9650 
Case 3 6800 11650 
Case 1 + EV 5750 11150 
Case 2 + EV 7250 13350 
Case 3 + EV 8150 15350 
*Simultaneity factor not applied.  
 
Fig. 64: Minimum and maximum power needed on the 3 cases. 
 
Cases 
Powermin 
PSH= 2,7 
Powermin  
PSH= 4,25 
Powermin  
PSH= 4,8 
Powermax  
PSH= 2,7 
Powermax  
PSH= 4,25 
Powermax  
PSH= 4,8 
Case 1 5810 3691 3268 8125 5162 4570 
Case 2 6505 4132 3659 9144 5809 5143 
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Case 3 10671 6779 6003 18403 11691 10352 
Case 1 + 
EV 
7588 4821 4268 10199 6479 5737 
Case 2 + 
EV 
8282 5262 4659 11218 7126 6310 
Case 3 + 
EV 
12449 7909 7003 20477 13009 11518 
 
Fig. 65: Power of the PV panels in the 3 cases and different PSH. 
 
Observing the outputs given by the panels, it can be said that the power supplied by the 
panels is enough to cover the house's demand.  
Another important fact to highlight is the feasibility to install the amount of panels 
showed in the previous charts. In terms of space, it is not insane to think about installing 
60 solar panels in the roof of a home. An example of It can easily be  found, with a 
normal house with 55 solar panels. With the dimensions of the selected panel, that roof 
would have to measure 12 x 9 meters to be able to fit the installation, which is not a 
weird measure for a roof. 
 
Fig. 66: Roof with 56 panels installed 
Source:  Energy news 
 
In terms of investment, it depends on the customer and how much is he ready to pay and 
how much risk is he willing to take, because a PV installation to supply a home as the 
represented in the case 3, adding an electric vehicle and the storage system to stock that 
large quantity of energy, will need a high initial expenditure of money. It is probably 
soon to equip houses with large electric demands with this technology due to the level 
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of development that these devices have had in recent years, improving in performance 
as well as in price. 
 
   4.3.2 Storage system's analysis 
For sizing the storage equipment, the same selection procedure must be carried out. 
When the purpose is to find the appropriate batteries for a home, other characteristics 
must be taken in account as the ease of installing it, the space that it takes and also the 
ease of running it. There are also some extras, as the mobile control or esthetic 
differences, that also help to make the choice. After having analyzed the batteries' 
characteristics, the chosen ones are shown in the following chart, with the pros and cons 
of each one.  
 
Panels Pros Cons 
Powerwall 2 14 
Good safety, best W/€ of the 
market, great warranty. 
High installation cost that 
only can be made by Tesla. 
Chem Resu 6,5 
Off-grid also, compact size, 
modular expansión. 
Battery is warranted to 45ºC. 
Nissan Xstorage 6 
High output, includes 
installation. 
Relative low W/€. 
Orison panel 2.2 
Very low Price, great 
warranty, plug&play, modular 
expansion. 
Very low output. 
GCL E-KwBe 5,6 
Low cost, multiple colors, 
light weight. 
Low cycle life, lower 
warranty. 
 
Fig. 67:  Pros and cons of the storage equipment 
 
Some characteristics are shown in the table that can be more or less important 
depending on the circumstances that are going to be used. For example, the safety that 
Tesla offers minimizes the fire risk which depending on the house that it is going to be 
installed, can be an important added value. The off-grid option allows the customer to 
become independent from the electric grid if in the future it is desired to become self-
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sufficient. The installation included is also valuable, because it assures there will be no 
additional hidden costs when buying the battery, similar to the plug&play devices, 
which do not need any kind of installation. And the last one, the modular expansion, is a 
great solution if the customer has the idea of increasing the energy storage capacity in 
the future.  
In order to calculate how many devices would be needed in every case, it is important to 
know how much energy is consumed daily, and how much is desired to have stored, for 
emergency cases or to avoid using the grid in case of not having sun during some days. 
Once this data is known, it is easily calculated how many devices are needed to store the 
required energy, dividing the energy by the usable energy of the battery. The results of 
this calculation are shown in following chart. 
 
Usable 
energy 
Case 
min 1 
Case 
min 2 
Case 
min 3 
Case 
max 1 
Case 
max 2 
Case 
max 3 
Powerwall 2 13500,00 0,93 1,04 1,71 1,30 1,46 2,94 
Chem Resu 
6,5 
5800,00 2,16 2,42 3,97 3,03 3,41 6,85 
Nissan 
Xstorage 6 
6000,00 2,09 2,34 3,84 2,93 3,29 6,63 
Orison panel 
2.2 
2200,00 5,70 6,39 10,48 7,98 8,98 18,07 
GCL E-KwBe 
5,6 
5600,00 2,24 2,51 4,12 3,13 3,53 7,10 
 
Fig. 68:  Number of storage systems needed for the 3 cases. 
 
 
 
Usable 
energy 
Case 
min 1 
Case 
min 2 
Case 
min 3 
Case 
max 1 
Case 
max 2 
Case 
max 3 
Powerwall 2 13500,00 1,21 1,33 1,99 1,63 1,79 3,28 
Chem Resu 
6,5 
5800,00 2,83 3,08 4,64 3,80 4,18 7,63 
Nissan 
Xstorage 6 
6000,00 2,73 2,98 4,48 3,67 4,04 7,37 
Orison panel 
2.2 
2200,00 7,45 8,13 12,22 10,01 11,01 20,10 
GCL E-KwBe 
5,6 
5600,00 2,93 3,19 4,80 3,93 4,33 7,90 
 
Fig. 69:  Number of storage systems needed for the 3 cases including the EV. 
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Although some systems can seem useless for this purpose, due to the large quantity of 
them that must be used in a house, as it happens with the Orison panel, it must be taken 
into account that this equip and the Chem Resu have the advantage of being able to 
connect some of them at the same time, working as only one device. But it is not 
enough to surpass the Tesla PowerWall 2, which at the moment leads the market in 
price and performance, with the only con of requiring a Tesla's certified technician to 
install the device, which implies that the enterprise controls the installation prices.  
In case of needing an extra day of energy supply, the daily consumption estimation 
should be doubled, what is the same than doubling the number of storing systems.  
Considering that in demand periods, the electricity comes directly from the solar panels, 
if the sun is shining, it is not strictly necessary to have the exact same amount of usable 
energy than the daily consumption, but it is recommended. This sizing is not so 
important in houses that are connected to the grid, but in the ones which doesn’t, it 
should count with an extra day of energy as minimum.   
As it happens with the solar panels, the influence of including the EV supply in the 
installation is less significant as the size of the installation increases, having a similar 
influence in both equipments, from 30% to around 10%. As well as the solar systems, 
using large capacity batteries as the Tesla one, it is feasible to store the required energy 
for one day, but in the case of isolated houses with high electric demands where there is 
no grid back up, a large level of batteries is required to assure a continuous electric 
supply.  
This study has been focused on the solar panels and the batteries only, but in order to 
have an exact idea of  designing a solar installation, in point 3.4.2 The cost of 
recharging our EV, it can be found one with a higher level of details. To know what 
would the results be with the other 3 selected panels, the analysis can be visited in the 
Storage system's analysis data. 
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5. The impact of the EVs in the electric grid 
The EVs' expansion is often seen as a risk for the electrical grid due to the rise of output 
that they will bring with them, and the lack of nowadays infrastructure to supply that 
rise in the demand. But the electric vehicle as a new big electricity consumer is a great 
opportunity for the electrical intelligent management, to improve in efficiency and 
developing renewable energies. The electric system depends on every country, and 
some are more prepared for a rise of demand than others.  
In the case of Spain, according to the REE, it is possible to supply up to one fourth of 
the total amount of cars that drive in Spain without new investments or remodeling, in 
case that they would be changed for EVs. This total amount of cars correspond to 28 
million, so the fourth of them would be 7 millions of EVs. The problem comes when it 
is calculated how are they going to be charged, and the electrical output that they will 
need, because the Spanish electrical system can admit all those EVs only if they charge 
efficiently, and this means doing it at low outputs (3,3 kW) and during low-demand 
periods, as it is the night. This can happen due to the high capacity of the electric 
Spanish system that as we can see in the following chart of the REE, Spain has exported 
electricity to the neighbor countries, except France. 
*Positive, importing; negative exporting  
Fig. 70:  Balance of Spain's energy trades 
Source: REE 
 
There are 3 ways of charging the EVs and each one affects the electrical grid in a 
different way. 
 France Portugal Andorra Morocco Total 
2011 1524 -2814 -306 -4495 -6090 
2012 1883 -7897 -286 -4900 -11200 
2013 1708 -2777 -287 -5376 -6732 
2014 3567 -903 -235 -5836 -3406 
2015 7029 -2302 -268 -4927 -467 
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• Recharging in high-demand periods, usually from 10 to 12 am and from  8 to 10 
pm, that would increase even more the peaks of demand, creating a non 
controlled problem that can cause the saturation of the grid. 
• Recharging in low-demand periods, normally between 4 and 6 am, where there 
are reduced electricity prices in order to favour the charge at this time to try to 
use the excesses of energy produced at night.  
• Intelligent recharging, this method requires a coordinated control of the EVs 
recharge, to distribute the demand and the consumption in order to equalize the 
demand's curve. This way would need a sophisticated control system that could 
manage the charge of the EVs. 
This increment of the EVs will cause a technical and economical impact, in the way 
of working of the Spanish electrical grid, but also in the possible restructuring of the 
infrastructures to assure a correct electrical supply. Several surveys are being carried 
out to forecast the consequences of the increase of demand, but in the next points it 
is going to be taken into account an European Union one, called MERGE (Mobile 
Energy Resources in Grids of Electricity). This survey studies the impact that this 
type of vehicles will have on the electrical systems of the European countries, taking 
into account the nowadays power generation and how will they change to respond to 
that increase of output needs.   
In the next chart, it can be seen how the output peaks would change depending on 
the type of charge that it is being carried out. The dumb charge corresponds to the 
one in the high demand periods and the semi-smart to the one in the low-demand 
hours of the day. Comparing it to the average daily demand it can easily be seen 
how the dumb charge coincides with the normal electric demand, creating a high 
peak that the electric spanish system can not support, which means that extra 
investments would be necessary.  
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Fig. 71: Distribution of the output peaks depending on the type of charge 
Source: Merge report 
 
Although the maximum output demand that will be produced by the EVs will be 
calculated in the estimations of the coming points, these extra investments would not be 
in introducing more installed output because in Spain in 2016 there were 105.308 MW, 
more than twice the maximum consumption in the peaks of the day. What would need 
to be reinforced  to support the output increase would be the construction of new lines 
to supply those consumers that are not located in high populated areas, the change of 
connectors to admit higher intensities or the output increase of the transformers of the 
electric power plants are the most important ones. 
Those costs would also vary depending on the type of charge that it is carried out, due 
to the higher peaks that would suffer the equipment if the EV's charge coincides with 
the normal output peaks. In the following chart (left handed one) it can be seen how 
would the costs rise in the three components of the grid that need more reinforcement, 
being the first division from the low voltage grid, the second one from the medium/low 
transformation centers and the last one from the medium voltage grid. And in each 
division, the cost increment is represented by a percentage in which the green column 
represents the dumb charge, the blue one to the semi-smart and the red one to the smart 
charging.  
It is easily noticed how would the costs in the three different components would rise 
greatly in case of dumb charge, especially in the transformation centers where the costs 
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would rise more than a 34%. In case of semi-smart or smart charge the increments 
would be nearly insignificant. 
 
 
 
Fig. 72: Rise of the inversion costs 
Source: Merge report 
 
Fig. 73: Rise of the inversion costs 
Source: Merge report 
It can also be seen how the costs of the three types of charging would vary depending 
on the level of charge, if it is a low or a high voltage recharge, consisting the low one in 
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connecting the EV into the normal garage's plug
connecting it into a special recharging station
well as the previous estimation, it can be seen how the
recharging at  high-demand periods of the day, up to 16,8% in the low voltage and 1,8% 
in the medium voltage, while the cost increment in the two more efficient types remain 
nearly insignificant. This lack of investment in the 
location of the fast charging points, which are only in specific places for their proper 
functioning  so they would not affect the whole grid as the low voltage do.
 
 5.1 Simulation 
In order to forecast with a higher preci
simulation is going to be carried out, taking into account several variables that can 
affect this study. All the data used is based on 
 Bloomberg New Energy Finance
next years and how will they affect to our society. 
EVs will be cheaper that the ICE vehicles, 
previously, its price is expecte
 
 or domestic places, and the high one 
 or public places with high outputs. As 
 costs would rise in case of 
medium voltage grid is due to the 
sion how will the EV's affect the grid, a 
several surveys, especially 
, which studies how will the EVs sales increase in the 
This survey forecasts that in 2022 the 
due to the batteries, which as it has been said 
d to fall as the EV's demand rises. 
Fig. 74: Development of the batteries 
Source: Bloomberg 
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one from 
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It is also said in the survey that in the 2040 the EV sales will rise up to the 35% of the 
new vehicles' sales, being nowadays around a 1% of the total sales and until the 2020 
they do not expect the EV to compete with the ICE vehicles, unless there are financial 
aids that compensate today's difference between them.  
To estimate the impact of that rise in the EV's sales, it has been used a simulator 
designed by the Spanish electric system operator, where defining the required variables 
that affect our model, several scenarios have been designed in order to forecast how will 
the electricity demand develop in the next years.  
 
  5.1.1 Variables that affect on the case 
For achieving a proper study, and get reliable results it is important to choose which 
variables can affect our simulation and define them correctly. In this case the chosen 
variables that are going to be taken into account are the following ones. 
• Year: It can affect to the level of infrastructure or technologies available. 
• Number of EVs: It is the main variable of the simulation, their number is 
expected to rise exponentially in the next years. 
• Type of recharge: As it has been studied in the previous points, the type of 
charge is relevant in order to estimate how will the impact of the EVs be. Three 
types of charge (Dumb, semi-smart and smart) that have three different 
consequences on the electrical grid. 
• Place of recharge: It is related to the type of charge, there are three possible 
places taken into account, domestic charge (slow), public places or workplace 
(semi-quick) and charging stations (quick). 
• Type of day: The consumption depends on the day, in Spain the working days 
have a larger demand than the holidays. 
• Season: Similar to the type of the day, the consumption depends on the season 
we are, having lower demands at summer where the days are longer and the 
heating is not needed and the opposite in winter. 
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  5.1.2 Scenarios to be studied 
Before starting with the simulation and once the variables have been chosen, it is time 
to define what value will have which variable, and how will they be combined to form 
an scenario that is worth to be studied.  
To start with, the year chosen for the simulation is 2020, when according to the 
Bloomberg survey it is going to start the decade of the EVs, and two years before that 
the prices of these cars reach the ICE's ones. For the number of electric vehicles, due to 
the big variety of opinions found in several reports, it has been chosen two forecasts, 
one more conservative of 250.000 EVs (1,065% of the total vehicles) and another more 
optimistic of half a million electric vehicles (2,13% of the total). 
In every simulation it also varies the type of recharge, and with the aim to see how the 
consumption peaks increase or decrease, it has been chosen to study the two opposite 
scenarios, with a total dumb charge and with a total smart one. 
For the type of day and season, it has been decided to simulate the most extreme 
scenarios, which are the ones with a higher output demand, the working days and the 
winter. Also the opposite extreme is going to be simulated to observe how will that 
demand's curve change. 
So the four scenarios will be two with quarter of a million EVs and the other two with 
half  million EVs, and each case will be simulated with two opposite types of day and 
season. For all of them it has been chosen to have around a 30% of work places with 
possibility to connect the EV to the grid and fast charging points. 
 
  5.1.3 Results 
Once the variables and the scenarios have been defined, and the simulation has been 
done, the results must be studied to form a judgment. Now the results are going to be 
exposed with one chart and one graph for each simulation. In every chart is explained  
the value from each variable that has been used and in the section where 'Most 
unfavorable' is written, correspond to the values of the subtraction of the maximum 
scenario peak and the maximum normal peak, and the same with the section 'Most 
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favorable', but with the minimums. With those numbers we can have an idea of how 
much would those peaks be increased or decreased.  
In the graph, the normal demand is represented by a yellow line, while the three others 
correspond to the three levels of charge: the red one would correspond to a dumb 
charge, while the blue line to a semi-smart one and the green line reflects how would 
the demand be with a smart charge. 
The peaks of the normal demand in the two first graphs are 49.674 MW as the 
maximum and 31.022 MW as the minimum, and in the third and fourth graphs the peaks 
are 38.454 MW as the maximum and 27.603 MW to the minimum. These differences 
are due to the change of the scenario from working day/winter to holiday/summer. 
 
Scenario 1 
 
No. of EV Type of day Season Most unfavorable 
(MW) 
Most favorable (MW) 
250.000 Working day Winter +606 -986 
 
 
 
Fig. 75: Scenario 1 simulation 
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Scenario 2 
 
No. of EV Type of day Season Most unfavorable 
(MW) 
Most favorable (MW) 
500.000 Working day Winter +1.230 -1.988 
 
 
 
Fig. 76: Scenario 2 simulation 
 
 
Scenario 3 
 
No. of EV Type of day Season Most unfavorable 
(MW) 
Most favorable (MW) 
500.000 Holiday Summer +1.105 -1.284 
 Analysis of domestic power generation: Options to recharge electric cars.  Pg. 102 
 
 
 
 
Fig. 77: Scenario 3 simulation 
 
Scenario 4 
 
No. of EV Type of day Season Most unfavorable 
(MW) 
Most favorable (MW) 
250.000 Holiday Summer +536 -805 
 
 
Fig. 78: Scenario 4 simulation 
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Firstly, it is easily seen how the peaks of demand are much lower in the third and fourth 
scenarios that correspond to holidays and summer, than in the first and second ones. 
Secondly, and more relevant in our case study, is the increment or reduction of the 
peaks. A dumb charge would increase considerably the maximums, while a smart one 
would equalize the demand's curve, increasing the output in the lower peaks. 
This distribution of demand would make possible the introduction of renewable sources 
to supply the charge of the EVs, due to a higher level energy profiting during night and 
the periods with lower consumption. 
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6. Conclusions  
The automotive sector is experiencing a very important development towards a 
sustainable model, in which the electric vehicle is the main character. This change 
started several years ago with the low consumption vehicles, and it has been continued 
by the hybrid vehicles, and now it is the turn for the EVs.  
All along the project, it has been studied how have this alternative vehicles been 
developed, in the past and how can they be a part of today's society in the next years. As 
it has been explained, this vehicles have rapidly developed achieving performances that 
no one would have believed years ago. Moreover the required resources and 
technologies are already available for the EVs to be introduced in the cities, but much 
more efforts must be done to achieve the complete revolution in the markets in order to 
change the energetic model into a sustainable one.  
It is a common thought that just by using the electric vehicles the pollution is reduced 
significantly, but this statement is quite far away from the truth due to the extra 
contamination produced in the power stations where that rise of electricity demand is 
produced. As it has been shown in 3.2 Ways to charge our cars, depending on the 
energetic model, the rise of the electricity demand produced by the EV's expansion 
could be even worse than to maintain the ICE vehicle's model. So the real goal, is to 
attach the automotive change to the energetic one, giving a solution to the problem of 
the renewable energy, the storage systems, with the electric vehicles as it has been 
explained in the 3.3 V2G technology.  
Another thing that it is important to highlight, level of development of the equipment 
for the self-production of electricity, and consequently the feasibility to carry on with an 
installation to supply the electric demand of a medium house. This feasibility is only 
referred to the installation and equipment price, without taking into account the possible 
governmental restrictions than can exist. In case of larger installations, it is probably 
soon to be considered a reliable investment, and it will need to wait until a great 
development or very favorable regulations on this field.  
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 6.1 Objectives' accomplishment 
The main goal of this project, as it has been explained in 1.1 Goals of the project, is to 
give an overview of the EVs present situation, focusing on the recharging aspects, as the 
types and equipment related to the domestic field. 
It has been studied the past, present and future of these vehicles, and analyzed how can 
they be integrated in the customer's house. Some of the best panels and batteries of the 
market, have been compared and later on, applied into a realistic simulation, with three 
possible scenarios. As it has been explained, the simulation is only focused on the PV 
and storage devices.  
The energetic present situation has also been studied, finding out how much energy 
comes from each source, renewable or not, as well as the different types of clean 
sources, with their pros and cons. It has also been analyzed the effects of the EV's 
introduction with the present conventional energy sources. 
And last but not least, it has been studied how the energy demand would rise, and what 
would be their consequences on the electrical grid.  
Therefore it can be said: Objectives accomplished.  
  
 Analysis of domestic power generation: Options to recharge electric cars.  Pg. 106 
 
 
 
Project costs 
In this paragraph, a cost estimation is going to be made. Taking into account that for 
this project's development, there has been no need of investing money, the only things 
that can be included in the estimation are: 
• The price of the electricity used by the computer (50W). 
• The number of hours dedicated by the tutor. 
Price Time Cost 
0.114€/kWh 360 h 2,052€ 
50€/h 20h 1.000€ 
 
  
Total  1.002,052€ 
 
Fig. 77: Scenario 3 simulation 
 
 
Environmental impact 
The environmental impact that might be created by this project, can only be computer's 
electricity and transport pollution.  
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Annex   
https://www.boe.es/boe/dias/2015/10/10/pdfs/BOE-A-2015-10927.pdf 
Balance eléctrico anual 
nacional (GWh) 
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
Hidráulica 
26.0
82 
20.9
57 
23.3
88 
38.1
30 
27.2
26 
19.1
80 
33.5
77 
35.4
59 
31.2
21 
39.1
71 
9.49
2 
Nuclear 
52.6
39 
56.4
60 
50.5
49 
59.2
42 
55.1
04 
58.6
67 
54.3
07 
54.8
70 
54.7
55 
56.0
99 
20.2
56 
Carbón 
70.6
30 
46.5
08 
34.7
93 
23.7
01 
43.2
67 
53.8
13 
39.5
28 
43.3
20 
52.7
89 
37.4
91 
12.9
63 
Fuel + Gas 
9.98
8 
9.88
8 
9.27
6 
8.82
2 
7.02
4 
7.09
8 
6.57
4 
6.25
7 
6.49
7 
6.76
5 
2.16
1 
Ciclo combinado 
70.6
00 
93.1
98 
80.2
24 
66.7
99 
53.6
57 
41.3
00 
27.8
27 
25.0
75 
29.2
91 
29.2
60 
8.07
7 
Régimen ordinario 
229.
939 
227.
011 
198.
231 
196.
694 
186.
278 
180.
058 
161.
812 
- - - - 
Hidroeólica - - - - - - - 1 9 18 6 
Hidráulica/Resto 
hidráulica 
4.12
7 
4.64
0 
5.45
4 
6.82
4 
5.29
6 
4.64
6 
7.10
2 
7.07
3 
- - - 
Eólica 
27.6
12 
32.1
60 
38.2
53 
43.5
45 
42.4
65 
48.5
08 
54.7
13 
51.0
31 
48.1
15 
47.6
95 
18.6
47 
Solar fotovoltaica 484 
2.49
8 
6.07
2 
6.42
3 
7.42
5 
8.20
2 
8.32
7 
8.20
8 
8.24
3 
7.96
5 
2.46
4 
Solar térmica 8 15 130 692 
1.83
2 
3.44
4 
4.44
2 
4.95
9 
5.08
5 
5.06
0 
1.12
6 
Térmica renovable/Otras 
renovables 
2.58
9 
2.86
9 
3.31
7 
3.33
2 
4.31
8 
4.75
5 
5.07
5 
4.72
9 
3.18
4 
3.42
6 
1.12
8 
Térmica no 
renovable/Cogeneración y 
resto/Cogeneración 
23.4
50 
26.7
21 
28.6
01 
30.9
73 
32.3
19 
33.7
67 
32.2
96 
25.8
86 
25.4
49 
25.8
17 
9.27
2 
Residuos - - - - - - - - 
3.29
8 
3.39
2 
1.10
2 
Régimen especial 
58.2
69 
68.9
03 
81.8
27 
91.7
90 
93.6
56 
103.
323 
111.
955 
- - - - 
Generación 
288.
208 
295.
914 
280.
058 
288.
483 
279.
934 
283.
381 
273.
767 
266.
867 
267.
936 
262.
161 
86.6
95 
Consumos en bombeo 
-
4.43
2 
-
3.80
3 
-
3.79
4 
-
4.45
8 
-
3.21
5 
-
5.02
3 
-
5.95
8 
-
5.33
0 
-
4.52
0 
-
4.81
9 
-
1.69
6 
Saldo intercambios 
internacionales 
-
5.75
-
11.0
-
8.08
-
8.33
-
6.09
-
11.2
-
6.73
-
3.40
-133 
7.66
7 
2.50
2 
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PVGIS estimates of solar electricity generation 
Location: 39°28'11" North, 0°22'34" West, Elevation: 31 m a.s.l.,  
 
Solar radiation database used: PVGIS-CMSAF  
 
Nominal power of the PV system: 6.0 kW (crystalline silicon) 
Estimated losses due to temperature and low irradiance: 15.5% (using local ambient temperature) 
Estimated loss due to angular reflectance effects: 2.4% 
Other losses (cables, inverter etc.): 15.0% 
Combined PV system losses: 29.9% 
Fixed system: inclination=36°, orientation=0° 
(optimum) 
Month Ed Em Hd Hm 
Jan 19.00 589 4.27 132 
Feb 22.60 632 5.17 145 
Mar 26.60 825 6.24 193 
Apr 27.00 811 6.47 194 
May 27.80 861 6.73 209 
Jun 28.60 857 7.01 210 
Jul 29.00 898 7.20 223 
Aug 27.70 857 6.88 213 
Sep 25.40 762 6.23 187 
Oct 22.90 709 5.50 171 
Nov 19.60 587 4.51 135 
Dec 17.30 537 3.87 120 
Yearly 
average 24.5 744 5.84 178 
Total for year 8920 2130 
 
Ed: Average daily electricity production from the given system (kWh) 
Em: Average monthly electricity production from the given system (kWh) 
Hd: Average daily sum of global irradiation per square meter received by the modules of the given system 
(kWh/m2) 
Hm: Average sum of global irradiation per square meter received by the modules of the given system 
(kWh/m2) 
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Storage system's analysis data. 
Panel No. Panel model 
Panel 1 Panasonic Hit N330 
Panel 2 SW245 Poly 
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Panel 3 IBC Monosol 240 ET 
Panel 4 JT235PCe 
 
PSH - 2.7 
Nº panels 
Min consumption Max consumption 
 Panel 1 Panel 2 Panel 3 Panel 4 Panel 1 Panel 2 Panel 3 Panel 4 
Case 1 17,61 23,72 24,21 24,72 24,62 33,16 33,85 34,57 
Case 2 19,71 26,55 27,10 27,68 27,71 37,32 38,10 38,91 
Case 3 32,34 43,56 44,46 45,41 55,77 75,11 76,68 78,31 
Case 1+EV 22,99 30,97 31,62 32,29 30,91 41,63 42,50 43,40 
Case 2+EV 25,10 33,81 34,51 35,24 33,99 45,79 46,74 47,73 
Case 3+EV 37,72 50,81 51,87 52,97 62,05 83,58 85,32 87,14 
 
PSH - 
2.7 
Power 
Min consumption Max consumption 
 
Panel 
1 
Panel 2 Panel 3 Panel 4 Panel 1 Panel 2 Panel 3 Panel 4 
Case 1 5810 5810 5810 5810 8125 8125 8125 5810 
Case 2 6505 6505 6505 6505 9144 9144 9144 6505 
Case 3 10671 10671 10671 10671 18403 18403 18403 10671 
Case 1 
+EV 
7588 7588 7588 7588 10199 10199 10199 7588 
Case 2 
+EV 
8282 8282 8282 8282 11218 11218 11218 8282 
Case 3 
+EV 
12449 12449 12449 12449 20477 20477 20477 12449 
 
 
PSH - 
4,25 
Nº panels 
Min consumption Max consumption 
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 Panel 1 Panel 2 Panel 3 Panel 4 Panel 1 Panel 2 Panel 3 Panel 4 
Case 1 11,19 15,07 15,38 15,71 15,64 21,07 21,51 21,96 
Case 2 12,52 16,87 17,22 17,58 17,60 23,71 24,20 24,72 
Case 3 20,54 27,67 28,25 28,85 35,43 47,72 48,71 49,75 
Case 1+EV 14,61 19,68 20,09 20,51 19,63 26,45 27,00 27,57 
Case 2+EV 15,94 21,48 21,92 22,39 21,60 29,09 29,69 30,33 
Case 3+EV 23,97 32,28 32,95 33,65 39,42 53,10 54,20 55,36 
 
PSH - 
4,25 
Power 
Min consumption Max consumption 
 
Panel 
1 
Panel 2 Panel 3 Panel 4 Panel 1 Panel 2 Panel3 Panel 4 
Case 1 3691 3691 3691 3691 5162 5162 5162 5161,76 
Case 2 4132 4132 4132 4132 5809 5809 5809 5808,82 
Case 3 6779 6779 6779 6779 11691 11691 11691 11691,18 
Case 1 
+EV 
4821 4821 4821 4821 6479 6479 6479 6479,41 
Case 2 
+EV 
5262 5262 5262 5262 7126 7126 7126 7126,47 
Case 3 
+EV 
7909 7909 7909 7909 13009 13009 13009 13008,82 
 
PSH - 4,8 
Nº panels 
Min consumption Max consumption 
 Panel 1 Panel 2 Panel 3 Panel 4 Panel 1 Panel 2 Panel 3 Panel 4 
Case 1 9,90 13,34 13,62 13,91 13,85 18,65 19,04 19,45 
Case 2 11,09 14,93 15,25 15,57 15,59 20,99 21,43 21,89 
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Case 3 18,19 24,50 25,01 25,54 31,37 42,25 43,13 44,05 
Case 1+EV 12,93 17,42 17,78 18,16 17,38 23,42 23,90 24,41 
Case 2+EV 14,12 19,02 19,41 19,82 19,12 25,75 26,29 26,85 
Case 3+EV 21,22 28,58 29,18 29,80 34,90 47,01 47,99 49,01 
 
PSH - 
4,8 
Power 
Min consumption Max consumption 
 Panel1 Panel 2 Panel 3 Panel 4 Panel 1 Panel 2 Panel 
3 
Panel 4 
Case 1 3268 3268 3268 3268 4570 4570 4570 4570,31 
Case 2 3659 3659 3659 3659 5143 5143 5143 5143,23 
Case 3 6003 6003 6003 6003 10352 10352 10352 10351,56 
Case 1 
+EV 4268 4268 4268 4268 5737 5737 5737 5736,98 
Case 2 
+EV 4659 4659 4659 4659 6310 6310 6310 6309,90 
Case 3 
+EV 7003 7003 7003 7003 11518 11518 11518 11518,23 
 
No. of S.syst 
+EV 
Usable 
energy 
Case 
min 1 
Case 
min 2 
Case 
min 3 
Case 
max 1 
Case 
max 2 
Case 
max 3 
Powerwall 2 13500,00 0,93 1,04 1,71 1,30 1,46 2,94 
Chem Resu 
6,5 
5800,00 2,16 2,42 3,97 3,03 3,41 6,85 
Nissan 
Xstorage 6 
6000,00 2,09 2,34 3,84 2,93 3,29 6,63 
Orison panel 
2.2 
2200,00 5,70 6,39 10,48 7,98 8,98 18,07 
GCL E-KwBe 
5,6 
5600,00 2,24 2,51 4,12 3,13 3,53 7,10 
 
No. of S.syst 
+EV 
Usable 
energy 
Case 
min 1 
Case 
min 2 
Case 
min 3 
Case 
max 1 
Case 
max 2 
Case 
max 3 
Powerwall 2 13500,00 1,21 1,33 1,99 1,63 1,79 3,28 
Chem Resu 
6,5 
5800,00 2,83 3,08 4,64 3,80 4,18 7,63 
Nissan 
Xstorage 6 
6000,00 2,73 2,98 4,48 3,67 4,04 7,37 
Orison panel 
2.2 
2200,00 7,45 8,13 12,22 10,01 11,01 20,10 
GCL E-KwBe 5600,00 2,93 3,19 4,80 3,93 4,33 7,90 
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5,6 
 
 
Wmin Wmax Whmin Whmax 
Case 1 4400 7450 12550 17550 
Case 2 5900 9650 14050 19750 
Case 3 6800 11650 23050 39750 
 
Simulation scenarios Values (MW) 
Scenario 1 
Max 50280 - 49674 
Min 32008 - 31022 
 
Scenario 2 
Max 50904 - 49674 
Min 33010 - 31022 
 
Scenario 3 
Max 39559 - 38454 
Min 28887 - 27603 
 
Scenario 4 Max 38990 - 38454 Min 28408 - 27603 
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